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REGIONAL DEVELOPMENT 
ORGANISATIONS IN BRITAIN 


HE able study of local and regional development 

organisations in Great Britain made by Mr. 
M. P. Fogarty and published last year under the 
slightly misleading title, ‘‘Plan Your Own Industries” 
(Oxford: B. Blackwell, 1947. Pp. viii+320. 265s.), 
is of interest to the scientific worke: from several 
points of view. His appreciation of the contribution 
which such bodies can make in bringing local initia- 
tive, enterprise and interest into regional planning, 
whether it be of industry, water-supply, housing, 
or any other social service, is valuable in the 
debate on local government reform and the decisions 
of the Boundary Commission, as well as in discussing 
the position of the development areas and of the 
utilization of land in Britain. Certain bodies of this 
type, notably the West Midland Group on Post-War 
Reconstruction and Planning, have made important 
contributions in this field, and Lord Rennell has 
already powerfully urged that the Boundary Com- 
mission should take adequate account of the scientific 
study of Herefordshire, for which the West Midland 
Group was responsible. 

It seems clear from Mr. Fogarty’s study that such 
bodies can materially assist in making the industrial 
development of a town or county a matter for genuine 
local discussion and decision, whatever changes in 
the organisation of local government may be insti- 
tuted or regional organisations established. Any new 
system will require time to build up the essential 
local and regional advisory bodies ; and in the mean- 
time the existing development organisations should 
have a most important part to play in preventing 
friction or misunderstanding as the Board of Trade 
panels considering the distribution of industry and 
the new Town and Country Planning Act come into 
full operation. In facilitating the Government 
approach and dealing with local plans and projects, 
and in making known, locally and regionally, the 
purpose of Government proposals and the reasons 
for them, development organisations could do much 
to facilitate the understanding, approval and co- 
operation which are the essence of genuine demo- 
cracy at the local as at the regional level. 

It would be too much to expect the development 
associations to make major contributions to the 
larger national problem, which, as Mr. George Gibson 
pointed out to the Manchester Statistical Society last 
autumn, is no longer that of bringing the work to the 
workers in the development areas, but increasingly of 
bringing the workers to the esseritial jobs where those 
jobs are now located. That contention is supported by 
the whole trend of the report on the Northern Region 
—Northumberland, Durham and the North Riding— 
which the North-East Development. Association 
issued in May 1946. But some of the development 
organisations have also been responsible for pursuing 
exactly the kind of research advocated by the Barlow 
Commission on the geographical distribution of 
population and industry, and although the Govern- 
ment has not seen fit to implement the main recom- 
mendation of that Commission’s report for the 
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establishment of a central authority to control 
industrial location, the recommendations on the need 
for unified research appear to have been accepted 
implicitly, although action has not proceeded further 
than the appointment by the Board of Trade of a 
joint committee with the universities to deal with 
questions of research. 

In the meantime, the study of land classification 
in the West Midland region issued last year by the 
West Midland Group shows how far such bodies have 
already gone in the prosecution of the required type 
of research. The West Midland Group has succeeded 
in bringing geographers and agricultural scientists 
together in a conference where agreement was 
reached on a system of classification based on the 
physical properties of soil and site. An expert com- 
mittee then spent three years reconnoitring the land 
resources of the region; and the resultant study is 
a valuable contribution to the general problem of 
classifying land so as to distinguish the areas best 
suited for new settlement and industrial development 
from those best reserved for various agricultural 
purposes or for recreation and enjoyment. 

Clearly such voluntary work has an interest and an 
importance far beyond the area in which it is being 
prosecuted, and it is well that an attempt should be 
made to assess both its extent and quality, and the 
relation of such efforts supported by private sources 

like the Bournville Village Trust in the West 
Midland Group—to existing or projected national or 
regional efforts. For example, Sir Edward Appleton 
and others have strongly advocated the formation of 
joint research councils on the lines of that established 
two years ago in Manchester. There is at least some 
risk that, without co-ordination and consultation, 
effort may be duplicated in different regions or 
even in the same region by the different organisa- 
tions. 

It is accordingly important that an effort should be 
made to assess the value of the research work carried 
out by the development organisations and its place 
in the national organisation of research. Such an 
appreciation is essential to determine the proper 
apportionment of our resources of man-power in 
research and to avoid waste of both material resources 
and trained man-power. This is the aspect of these 
organisations which is of most interest to the man 
of science. 

Examining the research activities of development 
organisations, Mr. Fogarty distinguishes three types 
of service which they render to industry and to thir 
region. First, there is what may be described as 
general economic agd social research—the study of 
social and economic facts and potentialities in a 
region against their wider national or even inter- 
national background. Second comes the solution of 
technical or scientific problems arising in develop- 
ment, production problems, the study of new pro- 
cesses or inventions and the investigation of natural 
resources. Both these factors may clearly be 
described as research ; but the third type of service 
would not usually be included under that head. This 
is the function of collecting and supplying factual 
information about, or to, an area on industrial or 
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tourist facilities, openings for trade, the effect of new 
laws and regulations, local industrial organisa‘ ion 
and the trend of public opinion in the area. 

Although there are some exceptions—and Mr, 
Fogarty instances the second Industrial Survey of 
South Wales as a conspicuous example—the sovial 
and economic research conducted by development 
organisations has not been of high standard. Mr, 
Fogarty’s review of their results and resources leads 
him to believe that at best the results of research 
conducted by such organisations are likely to be of 
limited value on account of the lack of staff and 
inadequate financial resources. For example, the 
University of Bristol Reconstruction Research Group 
has an annual income of about £3,000 ; but the total 
resources of the Bristol Development Board, which 
is not a conspicuously poorly endowed organisation 
as development organisations go, amount to little 
more than that sum. 

The angle of approach is another factor to be con. 
sidered, and this may be too narrow. Mr. Fogarty’s 
considered opinion is that the smaller agencies will 
best serve research by promoting and encouraging the 
supply of detailed information and by efforts t 
improve its utilization, Reports from recent ‘working 
parties’ of the Board of Trade have pointed signific- 
antly to the need for improvement in this respect, 
and the gap between the discovery of new knowledge 
and its utilization in industry is already a matter of 
concern to the Department of Scientific and Industria! 
Research. 

Here then is a point at which the development organ- 
isations may be able to offer an important and contin- 
uing service to the research effort of the country. Even 
the larger development organisations, in Mr. Fogarty’s 
opinion, should not be expected to undertake general 
economic or social research on their own. The main 
responsibility for this should be carried by Govern. 
ment departments, the universities and regiona 
authorities ; the unique position and constitutior 
of the West Midland Group should preclude it being 
quoted as typical of the type of organisation desired 
Much more research is required in this field from the 
universities and Government departments, as well a 
from regional authorities, which have scarcely com 
menced to discharge this responsibility even where 
they exist. 

In regard to the second type of research considerec 
by Mr. Fogarty, the larger development organisations 
such as the Welsh Reconstruction Advisory Council 
the Scottish and Welsh Development Councils, the 
National Industrial Development Council of Wales 
and Monmouthshire, and the Cumberland Develop- 
ment Council, have a good record for scientific and 
technical research. Despite their achievements in 
coal utilization, mineral survey, and the development 
of producer gas vehicles, it must remain a matter of 
opinion whether the development organisations d: 
not here intrude on a field which is best left to industry 
and the research associations. They could undoubt- 
edly help in some fields to discover and fill in the gaps 
in research effort ; but from the national point of view 
it seems likely that their best contribution is made 
by assisting to close the gap between research and 
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commercial development, and supporting the work of 
the joint research councils. 

In the field of research, development organisations, 
Mr. Fogarty concludes, are generally interlopers and 
at best stop-gaps. They are primarily executive 
bodies and unsuited, except in emergency, to conduct 
research. They can stimulate research, and have a 
valuable part to play in improving the utilization of 
research and in ensuring that results of economic and 
social investigations are turned to practical account. 

These conclusions are not without significance for 
the research association movement in Britain. They 
emphasize the importance of adequate endowment of 
a research association to enable research to be pro- 
secuted effectively; there are minimum standards 
below which it is waste of resources and of man- 
power to look for results. Mr. Fogarty’s comment in 
regard to social and economic research, that by doing 
such research badly development organisations may 
make it impossible for better qualified agencies to 
do it at all, is relevant in considering the development 
of new, or the expansion of existing, research asso- 
ciations, as against the establishment of other 
co-operative agencies of the type of the Mellon 
Institute in the United States or the Fulmer Institute 
in Britain. 

The point is of interest because there was nothing 
in Mr. Herbert Morrison’s speech at Letchworth on 
January 14 (see p. 214) to indicate that the Advisory 
Council on Scientific Policy or the Committee on In- 
dustrial Productivity is considering this question of 
the type of research structure which will best serve our 
needs and make the most effective use of the available 
scientific man-power. The Lord President of the 
Council said that the Government had decided that 
the new town at Stevenage should be given preference 
in considering the sites of new scientific establishments 
in the London region, and although he could not state 
what actual research would be located at Stevenage 
or when it would come, he indicated that a number 
of research stations had outgrown their present sites 
and would have to move. He visualized Stevenage 
as becoming one of the most important scientific 
centres of Britain. 

The Lord President was clearly alive to the import- 
ance of scientific research being well distributed over 
the country, and referred to the location in Scotland 
of the largest of the new scientific stations, that for 
mechanical engineering research. At the same time, 
he recognized that many of the research establishments 
must of necessity be in the London region. What 
was lacking in his speech was any clue to the reasons 
which had led to the choice of Stevenage as a scientific 
centre ; the occasion may not have been appropriate, 
but men of science at least would find it reassuring 
if some indication was given of the considerations on 
which this decision is based. 

The matter is important because criticism of 
the research association movement in Britain has 
centred around a tendency to locate the associations 
in the neighbourhood of London, where many are 
distant from the centre of industry they serve. 
Whatever substance there may be in such criticism 

and the success of the Institute of Paper Chemistry 
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at Appleton, Wisconsin, is frankly attributed to the 
location of the Institute in the midst of paper mills 
as well as to its close association with Lawrence 
College—the location of research institutions is a 
matter which might be well worth inquiry by, for 
example, the joint research councils and like regional 
bodies, if not by national organisations such as the 
Department of Scientific and Industrial Research. 
Considerations of man-power at least are likely to 
force it on the attention of the Advisory Council on 
Scientific Policy, if it has not already done so. 

In his final conclusion, Mr. Fogarty comes back 
to a crucial factor which impels a review of the whole 
structure and location of the research effort in Britain 
at the present time, namely, that of staff. The success 
of the development organisations depends upon the 
quality of the staff they employ, and the initial 
problem is how to deploy to the best advantage in 
the national interest those limited resources of trained 
man-power which we possess. If encouragement of 
development organisations to continue and to expand 
their research activities means dissipation of the 
nation’s research effort, waste of man-power and 
duplication, at a time when severe limitations have 
been imposed by the Government itself on capital 
expenditure, it may still be a wise measure to use the 
interval to turn to the task of promoting the utiliza- 
tion by industry of existing knowledge. That is a 
matter to be considered by the development councils 
as well as by higher authorities. 


GREEK FISHES 


A Glossary of Greek Fishes 
By Sir D’Arcy Wentworth Thompson. Pp. vi + 302. 
(London: Oxford University Press, 1947.) 21s. net. 


ORE than fifty years ago appeared “A Glossary 
of Greek Birds’’, which has been a treasure 
and a joy to two generations of scholars and natur- 
alists. To the same learned and versatile writer, and 
the same ‘blameless drudgery of lexicography’, we owe 
now this companion volume, “A Glossary of Greek 
Fishes’’—“‘a work of love and predilection all along”’. 
Doubtless with longer labour the “Glossary” might 
have been clothed in introduction and appendixes 
for the varied general problems and inquiries which 
it suggests ; but the author has done well to ensure 
the publication of what is, after all, the essential 
compendium of facts ; and some of the more difficult 
or more important items run to three or more pages, 
and the tunny has eleven. 

Greeks knew much about fishes, as a maritime and 
insular people should, and revelled in names for 
them, and in legends, folk-lore, and acute observa- 
tions ; they were—and are—also connoisseurs of fish 
as food, and talked about what they ate and enjoyed. 
Even the almost fish-less ‘‘Epic”’ has its fishing similes 
and glimpses of marine life; how much it had for- 
gotten or by-passed, we know from Minoan art. 
Herodotus had a quick eye for exotic fishes. Alex- 
ander disclosed a new ocean of tropical wonders, as 
well as the Nile with vocabulary and fishing-stories 
of its own. The western colonies transmitted Greek 
fish-lore, and added toit. Italian sailors brought their 
own names into Greek waters, without displacing the 
old vocabulary ; and many modern fish-names are 
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still Greek. Our own ‘trout’ may be a Greek name 
misapplied (p. 271). A dozen or more of names in 
this “Glossary” are printed in roman characters, 
being only preserved in Latin authors, though 
certainly known to the Greeks. It is interesting to 
note how many names defy derivation, and may well 
be pre-Hellenic ; others seem to be borrowed from 
Egyptian. Almost none are from Phoenician, and 
the same applies to Greek shipping vocabulary; a 
devastating commentary on the old myth of Pheeni- 
cian influence on Greek culture. 

How fully the author has covered the field is 
evident from his ‘addenda’ (p. 297)—only three items. 
He has inevitably included much besides ‘fishes’ in 
the strict sense ; for many molluscs and other frutta 
di mare shared the same names, or were otherwise 
connected with fisheries; lobsters, crabs, octopus 
and squid, oysters and ‘purple-shells’ are examples. 
There were also observations of fossil fishes and 
molluses, and geological inferences, undeterred by 
Archbishop Usher. The picturesque accounts of 
fishes’ characters and mode of life are not so fanciful 
as they seem; some are confirmed by modern 
observers. The female scarus may not inseri its tail 
in a fish trap to enable its mate to escape ; but the 
writer of these lines has seen the decoy fish in its 
bucket ready to be paraded along the rocky refuge 
of the scarus-shoal. Many fishes, too, make noises, 
if not calls, and perform extraordinary feats of 
agility, and of endurance on land. In this mass of 
minute detail there are almost no misprints: p. 191, 
aestate for aetate; p. 205, myyxvov for épyxvov; 
p. 239, weel perhaps for creel. 

The picture of the tunny-seller on a Campanian 
vase (frontispiece) exactly confirms the dissection of 
the tunny described on p. 88. There are many line 
drawings, from Yarrell and other standard works, 
and from Egyptian frescoes. 

May the author long enjoy the grateful appreciation 
of fish-lovers and etymologists. J. L. Myres 


THE RACE FOR OIL 


American Oil Operations Abroad 

By Leonard M. Fanning. Pp. ix+270+93 plates. 
(New York and London: McGraw-Hill Book Co., 
Inc., 1947.) 20s. 


T is even probable that the supremacy of nations 

may be determined by the possession of available 
petroleum and its products.” This quotation, from 
President Coolidge, appeared on the title-page of a 
book by Ludwell Denny published in the United 
States in 1928 under the challenge “We Fight for 
Oil”. This caused a sensation at the time, largely 
because it developed in no uncertain, often hostile, 
terms the theme of Anglo-American rivalry (‘oil war’ 
that author called it) in a race to secure the world’s 
major oil resources outside the United States. Much has 
happened since this supposed ‘menace’ to world peace 
was so bitterly proclaimed, and those who remember 
the stir caused at the time by this strongly anti- 
British thesis will read with considerable interest 
another American’s survey of how that fight has 
been carried on since the end of the First World 
War up to the present time. 

“American Oil Operations Abroad” again has for 
its purpose the “most vital issue before the world 
and the American nation to-day—the international 
oil situation”; but the story is told, on the whole, 
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with more carefully balanced facts and less Ang». 
phobia than pervaded the earlier volume mentione 4 
To appreciate fully the purpose of this book, « 
must try to read it wholly through American eyes. 
The atmosphere created by the author, probally 
intentionally, is one of ‘look what we have done 
the teeth of unmitigated opposition’. Implicit in t 
is the underlying theme that ‘nobody else could hay, 
done anything like so much and so well’. Acc« 
this for the moment as the reviewer's over-staterm: 
and see where it leads. The record is impressive. 
The United States must look abroad for oil, part!y 
in fear of declining home resources, mainly to expa'. 
foreign business and to acquire political, military 
and defensive advantages as widely spread Over the 
world as possible. But oil only occurs in restricted 
regions, many of these in countries where wide 0; 
spaces prevail and standards of civilization are, to 
say the least, scarcely those of the western hemi- 
sphere. Once foreign oil invasion starts, political 
risks are taken by all nationals concerned. Even 
expropriation and seizure of oil properties by govern- 
ments within the domain of which foreign operations 


are in full swing must be faced. Economic risks | 


revolve mainly around the time-lag between pros- 
pecting operations and actual oil production: 
millions of dollars are involved in this phase alone. 
Struggle for a share of the world’s oil centres mainly 
in the Caribbean countries and Middle East : it still 
goes on. Participation in foreign oil markets is part 
of an international trading treaty worked out by 
the United States and Great Britain, but so far not 
ratified. Aside from these aspects, however, are 
enormous economic, social and educational advan- 
tages to foreign nationals when successful enterprise 
opens up their countries’ storehouses of oil. These 
are the main considerations of this book. Its perusal 
leaves one with confirmed feeling that the inter- 
national oil war is indeed on, with yet one more 
protagonist in the field than Denny counted upon. 

In much the author writes, there will be wide 
understanding by British petroleum technologists 
and economists. But perhaps the real picture of the 
situation will remain blurred until someone writes a 
counterpart volume on what British oil interests have 
done abroad, over a longer period of time than 
American interests, with at least all the same hazards 
faced and overcome, and with far less experience of 
an indigenous oil industry to work on than our more 
fortunately placed friends overseas. 

H. B. MItner 


“WHEN THE PIE WAS OPENED” 


Mathematische Werke 
Von Johann Heinrich Lambert. Band 1: Arith- 
metik, Algebra und Analysis, 1. Herausgegeben von 
Andreas Speiser. Pp. xxxi+358. (Ziirich: Orell 
Fiissli, 1946.) 25 Swiss francs. 

ERSATILITY is the most delusive of the fairy 

gifts ; the men of genius on whom it was bestowed 
otherwise than in subtle malevolence can be counted 
on the fingers. In the age of Euler himself, Johann 
Heinrich Lambert shone by his own light, not as 4 
reflexion of the great luminary, and had he consented 
to be only a mathematician, the course of mathe- 
matical history would have been different. But 
condemned by the humiliations of his early life to 
demand intellectual submission from everyone he 
met, Lambert could not bear the thought that there 
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were branches of learning of which he was not a 
master, or stimuli to which his mind did not respond. 
Asked by the King of Prussia, ““What do you know?” 
he answered, “‘Everything, sire” ; and to the further 
question, ‘‘How did you learn ?”’, the reply was, “‘I 
taught myself’. His contemporaries were duly 
impressed by the range of his knowledge, and if the 
solipsistic manner of which we are told suggests that 
he often knew that he was relying on a bluff which 
might easily be called, his portrait, which we can 
study for ourselves, suggests that he thoroughly 
enjoyed the sensation of carrying off the bluff. 

An edition of Lambert’s writings has now been 
planned on a generous scale; pure mathematics is 
to be followed by applied mathematics, geometrical 
drawing, astronomy, physics, philosophy, and logic, 
and the finest workmanship in Switzerland is being 
employed on the production. The first volume is a 
delight to handle and to read. It contains Fermey’s 
Bloge, and papers on elementary trigonometry, on 
continued fractions, on the solution of equations, on 
rectification and quadrature, and on interpolation, 
introduced by Prof. Speiser in a brilliant critical 
commentary. The celebrated series for thé power of 
a root of the equation 2™ + px = q, which moved 
Euler to enthusiasm, is in the first paper. Lambert’s 
first paper on the quadrature of the circle, which is 
well known from Rudio’s reprint of 1892, is here, 
with its fallacies neatly exposed by the editor; the 
paper in which Lambert did establish the irrationality 
of t is to come in the next volume. 

One complaint must be made. With one exception, 
the papers are reprinted from the collection prepared 
by Lambert himself (Berlin, 3 vols., 1765-72), and 
the references are to this edition, with no indication 
of the date of composition or first publication ; the 
omission deprives us of any time-scale for the develop- 
ment of Lambert’s ideas, and will be even more serious 
when we come to correlate his work in pure mathe- 
matics with his other investigations. 

In conclusion, the directorate of the Schnyder von 
Wartensee Foundation and Dr. R. G. Bindschedler 
are to be applauded for meeting the costs of this 
undertaking. The time has perhaps gone when a 
wealthy patron could usefully build a telescope, or a 
charitable institution could found a chair, for if 
telescope or professorship is wanted a modern com- 
munity is not slow to provide it from public funds. 
There are worse ways of buying a claim to be remem- 
bered in the republic of letters than the endowment 
of a worthy definitive edition ; a bid in the grand 
manner has been made on behalf of the Schnyder von 
Wartensee Foundation, and we commend the example 
to puzzled decimillionaires. E. H. NEVILLE 


OSCILLATORY TIME-SERIES 


Contributions to the Study of Oscillatory Time- 
Series 
By Maurice G. Kendall. (National Institute of 
Economie and Social Research Occasional Papers, 
No. 9.) Pp. viii + 76. (Cambridge: At the Univer- 
sity Press, 1946.) 7s. 6d. net. 
ae E classical approach to time-series was a search 
for hidden periodicities, observational error being 
considered the only obstacle to accurate prediction, 
and there is no doubt that it was the striking success 
of the associated methods in astronomy and tidal 
theory which led to the confident belief that they 
might be equally relevant to the study of social 
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phenomena. Now, however, in this and many other 
fields one prefers to work with a quite different 


- model, in which the time-series is generated by a 


linear operator supplied with a random input. (A 
pleasing example is the music made by a sea shell.) 
The resulting series, though in general oscillatory, 
will not be periodic, and the possibility of prediction 
will be severely limited by the continued occurrence 
of random changes in phase and amplitude. 

Mr. Kendall’s monograph discusses all existing 
methods of time-series analysis in relation to one of 
the simplest of these models, Yule’s autoregressive 
scheme defined by 


wm + au, + but. = €. 


Here uw describes the time-series and ¢ the random 
input ; a and b are constants and the linear operator 
can be found by solving the difference equation. The 
book contains much useful computational advice 
together with a new set of tables for harmonic 
analysis. The correlogram and periodogram analysés 
of four artificial series of great length supply the first 
empirical evidence about the relative value of these 
two methods, and this part of the work is sure to 
stimulate much further research. The labour involved 
in the work must have been very great, and the 
debt already owed to its author by the statistical 
world has been correspondingly increased. 

Mr. Kendall’s chief conclusion is that the periodo- 
gram analysis of autoregressive series is misleading 
and not worth the labour involved, but his case seems 
to me to be overstated. The greater share of 
condemnation really belongs not to the periodogram 
itself but to the classical (here inapplicable) method 
of interpretation. Recent work by the late Prof. 
P. J. Daniell' suggests that a smoothed periodogram 
might be of much diagnostic value, and one would 
like to see Mr. Kendall’s sample periodograms com- 
pared with their expectation forms. Daniell also 
showed! that the sample periodogram and correlogram 
are algebraically equivalent, so that each contains 
exactly the same information; a very interesting 
consequence of his identity is that the smoothed 
periodogram depends mainly on the first few sample 
autocorrelations. Mr. Kendall’s observations should 
also be compared with recent work by Prof. M. 8. 
Bartlett? on sampling properties of the correlogram, 
which explains the failure to damp according to 
expectation when the series is of finite length. 

The present debate about the best definition for 
the ‘period’ of an autoregressive series seems to me of 
doubtful value. What we need in practice is not a 
period of recurrence so much as an estimate of the 
time from the present boom to the next slump (and 
conversely). This might well be measured by the 
location of the principal regative minimum in the 
correlogram, and the ordinate there would indicate 
the degree to which the series was oscillatory. 
(Bartlett? has already pointed out the need for 
distinguishing between oscillatory series and those 
which are merely fluctuating—Kendall’s series 2 is an 
example of the latter type.) 

I am puzzled by equation (6-8) for the ‘“m.d. 
(peaks)”’, because the latter expression has several 
possible meanings ; ‘mean number of peaks per unit 
length of series’ appears to be the quantity actually 
determined, this being, of course, equal to the 
reciprocal of the given expression. 

Davip G. KENDALL 


’ Bartlett, M. S., et al., J. Roy. Statist. Soc. (Supp.), 8, 27 (1946). 
* Kendall, M. G.. J. Roy. Statist. Soc., 108, 93 (1945), especially p. 136. 
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Advanced Calculus P 
By Prof. David V. Widder. (Prentice-Hall Mathe- 
matics Series.) Pp. xvi + 432. (New York : Prentice- ° 
Hall, Inc. ; London: Constable and Co., Ltd., 1947.) 
368. net. 

HE subject-matter contained in this volume 

is, broadly speaking, that encountered by a 
student taking an honours course in pure mathe- 
matics, and within some four hundred pages the 
author has succeeded in discussing a wealth of 
valuable material. Considerable care has been taken 
with the mode of exposition, particularly as regards 
the framing of the definitions and the arrangement of 
the theorems, in each of which the hypothesis, proof 
and conclusion are elegantly presented. 

In addition to the usual topics which feature in 
books of this kind (such as partial differentiation, 
infinite series, limiting forms and the various types 
of classical integral), there are chapters dealing with 
vector methods, applications of the calculus to 
differential geometry, Stieltjes integrals, Fourier 
series, and the Laplace transform. The notation em- 
ployed, being that now current in the United States, 
differs quite substantially in many places from that 
used in Great Britain as do, to a less extent, some 
of the methods of proof. No serious disadvantage, 
however, need result from these causes, as any student 
for whom this book was designed would inevitably 
possess considerable skill in elementary manipulation 
and should, in consequence, experience no difficulty 
in following Prof. Widder’s lucid and concise argu- 
ments. 

Although present-day austerity precludes the use 
of paper of a quality worthy of such a work, the 
printing is of a very high standard. A large collection 
of valuable examples, many of which are worked as 
illustrations in the text, is also provided. 

J. H. PEARCE 


Good Health to the Garden 
How to Combat the Pests, Diseases and Weeds of 
Vegetables. Pp. 48. (Yalding: Plant Protection, 
Ltd., 1946.) 3s. 6d. net. 

HIS is an attractive book, well printed, and 

beautifully illustrated from water colours by 
Dorothy Fitchew. It deals with the commoner pests, 
diseases and weeds likely to be encountered among 
vegetables in the home and allotment garden. The 
brevity of its text should also appeal to amateur 
horticulturists, who are often overpowered by a 
compendious treatment of garden difficulties alone. 
Eleven pests and the same number of diseases are 
described, with control methods based on general 
treatment and ‘Plant Protection’ products. One 
short section deals with friends of the garden, while 
general pests such as wireworms, millepedes, cut- 
worms and leather jackets are also discussed and 
figured in colour. This is one of several such books 
projected by Messrs. Plant Protection, Ltd. 


Wild Flowers of the Chalk 

By John Gilmour. (King Penguin Books, K.37.) 
Pp. 31+ 16 plates. (Harmondsworth and New 
York : Penguin Books, Ltd., 1947.) 28. 6d. 


HIS is another of the charming King Penguin 
series depicting wild flowers according to their 
habitat. J. S. L. Gilmour, the author, was formerly 
assistant director at the Royal Botanic Gardens, 
Kew, and is now director of the Royal Horticultural 
Society’s Gardens. His own special researches have 
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been mainly ecological, so it can be taken for granted 
that the text is authoritative and up to date. 

Gilmour discusses the origin of the chalk flora, 
both ‘characteristic’ and ‘non-characteristic’, then 
considers in more detail such chalk habitats 
downs, dykes and earthworks, grassy knolls, ¢|i‘ts 
and chalk pits, beechwoods, roadsides and hedgerows, 
Though a few species are comparatively rare, ‘| 
reader should have little difficulty in finding mos: 
the flowers in their season. It is impossible to 1 
too highly the sixteen colour plates prepared by Ir. 
Hawkins. No one could fail to identify a plant 1 
illustrated ; but apart from this, each plate j 
work of art. This book, small though it is, is « 
which every field naturalist should possess. 


A Handbook of Sociology 

By Prof. William F. Ogburn and Prof. Meyer F. 
Nimkoff. (International Library of Sociology and 
Social Reconstruction.) Pp. xi+644. (London: 
Kegan Paul and Co., Ltd., 1947.) 258. net. 


ROFS. OGBURN and Nimkoff’s contribution to | 
the well-known International Library of Sociology | 


and Reconstruction maintains the high standard 
which one has learned to expect from this series and, 
in many respects, may be rated as the most useful 
souree-book in sociology yet produced. Looking at 
social life as the interaction of four factors: the 
biological organism, geographical environment, group 
processes and cultural heritage, the authors first 
discuss the principal conclusions of biology, psycho- 
logy, geography and other disciplines in their rela- 
tions to sociology, and then proceed to the funda- 
mental facts, basic concepts and theories which form 
the body of sociology proper. In the latter section 


the book touches its highest level and, in the chapters | 


on the family and religious institutions, the rational 
approach to subjects which are usually clothed with 
emotion and sentiment deserves careful study by 
all who are seeking to unravel the complexities of the 
behaviour of individuals in groups. 

T. H. Hawkins 


Mammals of Eastern Asia 

By G. H. H. Tate. (Pacific World Series.) Pp. 
xv + 366. (New York: The Macmillan Company ; 
London: Macmillan and Co., Ltd., 1947.) 20s. 
net. 


HE ill wind has blown its proverbial good. Until 
now there has been no general work on 
mammals of eastern Asia, and it took the War t 
produce one: Dr. Tate wrote this book for the 
benefit of soldiers interested in natural history. The 
scope of the book is the mammal fauna found from 


north-eastern Siberia to Singapore, and from the | 


Gobi Desert and Lake Baikal to the western shores 
of the Pacific. The mammals of the Japanese islands 
are also included, but not those of the East Indies, 
which have already been dealt with in a companion 
volume, ““Mammals of the Pacific World’’, 1944, by 
Dr. Tate in conjunction with T. D. Carter and the 
late J. E. Hill. 

“Mammals of Eastern Asia”’ is really an illustrated, 
descriptive checklist, and with its help the amateur 
naturalist should be able to identify most mammals 
occurring in the area. This book, though it sets out 
to cater for the amateur, will be found invaluable by 
the professional zoologist, since it contains much 
information which is only to be found otherwise in 
scattered papers. T. C. 8S. M.-S. 
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RECENT MOSQUITO ERADICATION 
CAMPAIGNS 


By Dr. J. R. BUSVINE 


London School of Hygiene and Tropical Medicine 


NFORTUNATELY, it is exceedingly difficult to 

exterminate insect pests over a large area (not 
to mention the whole world), because of their enor- 
mous numbers, small size, and powers of proliferation. 
Therefore, we have come to be satisfied with ‘control’ 
as an Objective ; and so far as mosquitoes are con- 
cerned, control measures are considered satisfactory 
if they reduce the mosquito population below the 
‘critical density’ necessary for the propagation of 
disease. 

In recent years, however, the feasibility of eradica- 
tion of mosquitoes from large areas has been demon- 
strated by the remarkable work directed by Drs. 
F. L. Soper and D. Bruce Wilson in Brazil. Their 
two original campaigns seem to have been entirely 
successful in achieving their objectives; by a few 
years of intensive work it has been possible to replace 
widespread and continuous control measures by a 
relatively small and inexpensive ‘quarantine’ service. 

It will be recalled that the two insects attacked 
were Aédes egypti, the yellow fever mosquito, and 
Anopheles gambie, the dangerous African malaria 
vector. Both these mosquitoes are comparatively 
restricted in their choice of breeding sites to places 
in, or close to, the haunts of man. Furthermore, An. 
gambie was not indigenous in South America 
(though it appeared to thrive in Brazil). For these 
reasons the problems were simpler than they might 
have been. This should not be taken to belittle the 
many difficulties of organisation, which were over- 
come so successfully as to provide a model for sub- 
sequent eradication schemes. 


General Organisation of an Eradication Campaign 


The first essential is a survey of the territory by an 
entomologist with experience of anti-malarial work. 
[his survey is particularly important when the object 
of eradication is @ mosquito not normally present, 
and where the area invaded must be defined. On the 
basis of the preliminary survey, and with the aid of 
large-scale maps, estimates must be made of the staff, 
equipment and supplies necessary. 

The main attack is made against the larval stage 
of the mosquito. Every suitable breeding site in the 
entire eradication area must be treated periodically, 
to prevent breeding for a sufficient period to ensure 
extermination of the species concerned. Success 
depends upon the continued thoroughness of a large 
number of workmen recruited locally (and, possibly, 
of doubtful reliability). These men can seldom be 
directly supervised for more than a small fraction 
of their working time, owing to the vast scale of the 
operations. The only workable solution is to make 
each larviciding team (possibly consisting of only one 
man) responsible for a defined zone, and to have an 
independent checking service to assess the progress 
of the work in each zone. The zones are grouped 
together in sections, and these again into divisions in 
the charge of a small hierarchy of officers. The lower 
grades can be recruited locally and trained, whereas 
the higher ones should be experienced malariologists 
or at least biologists, medical men, or engineers. All 
officers must be able to speak the local language. 
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A highly important part of the organisation (which 
absorbs about 25-30 per cent of the expenses) is the 
checking staff, whose duties consist in continually 
searching for larve or adult mosquitoes. Those 
‘scouts’ seeking larve systematically check the work 
of the larviciders; the scouts seeking adults visit 
suitable ‘catching stations’ such as human or animal 
houses likely to be frequented by mosquitoes. The 
reports of the searching staff provide a means of 
independently checking the efficiency of the larv- 
iciders and assessing the progress of the campaign ; 
negative reports are, of course, as important as 
positive ones, but require more careful verification. 
Arrangements are made for specimens of larve or 
adult mosquitoes to be preserved and sent to an 
entomological laboratory at headquarters for 
identification. 

In order to systematize methods and records, a 
considerable series of printed instructions and 
recording forms is necessary. Regional chiefs are 
required to know exactly what all their subordinates 
should be doing on any day, so that their activities 
can be checked by random visits from headquarters. 
The headquarters staff inevitably become largely 
occupied with ordering and distribution of equipment 
and supplies, the engagement and promotion of staff 
and the solving of difficulties which arise in the work. 
Once the methods have been decided upon, eradica- 
tion becomes an exercise in administration rather than 
an exclusively scientific or technical occupation. 

It may now be of interest briefly to describe and 
compare three recent eradication undertakings, which 
display some evolution towards more ambitious 
objectives. I was privileged to witness the latest one 
(in Sardinia) in its comparatively early stages. 


Anopheles gambiae in Upper Egypt 


In 1942 *here was a severe epidemic of malaria in 
upper Egypt, followed by another in 1943. Con- 
servative estimates place the number of cases at 
200,000, with a death-rate around 10 per cent. The 
vector was found to be An. gambiae, which does not 
normally occur in this region, though it is found in the 
Sudan. There is a possibility that the northern range 
of this mosquito fluctuates from time to time, and it 
may thus penetrate into Egypt. The invasion prior 
to the 1942 outbreak was very considerable, for the 
mosquito was found to be breeding along a strip of 
the upper Nile 850 km. (530 miles) long, and varying 
from 1 to 30 km. (20 miles) wide. The mosquito had 
some difficulty in maintaining itself in this area ; the 
winter (December to March) is too cold, and the 
summer (April to August) is too dry. However, the 
autumn is warm and moist, and there is great prolifer- 
ation during September to November. An. gambie 
certainly survived from 1942 until 1945 in upper Egypt. 

To combat the mosquito, the Gambize Eradication 
Service was formed with funds supplied by the 
Egyptian Government, administered by Dr. S. 
Madwah, the eradication programme being directed by 
Dr. J. A. Kerr, of the Rockefeller Foundation. In 
addition, there were at various times thirty to fifty 
medical men or engineers supervising the work, the 
senior ones in charge of the ten main divisions. 
Smaller areas were under the control of inspectors 
(senior sanitary inspectors) and foremen. The earlier 
treatments with oil were changed to Paris Greening, 
which was cheaper and simpler in the circumstances. 
Some 300—1,000 labourers applied the insecticide, each 
man having a definite zone to cover, in which all 
breeding sites were treated weekly. The area of the 
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zones varied from 0-2 to 9-2 sq. km. The eradication 
campaign depended basically on the anti-larval 
attack, but, in addition, there was some house- 
spraying with pyrethrum against adults in malarious 
areas, and also spraying of vehicles to prevent insect 
transport. The progress of the work was watched 
from the reports of an army of ‘larval scouts’ and 
‘adult searchers’. . 

The Paris Green treatments began in August 
1944, and reached a peak in October; the last 
specimen of An. gambie was found in February 1945. 
Treatments were continued for six more months, and 
then stopped in the most favourable mosquito season. 
A careful search was continued for three months, but 
no more An. gambice were discovered. It is important 
to note that whereas the invading gambi@ was 
eradicated, other mosquitoes native to the region 
gradually reappeared. They are evidently more 
difficult to exterminate. 


Anopheline Eradication in Cyprus 


The mosquito eradication campaign in Cyprus, 
organised by Mr. Mehmed Azis, is novel in two 
respects: it aims at extermination of all indigenous 
mosquitoes from the island, and it was begun without 
the impetus of a disastrous malaria epidemic. The 
programme was undertaken as a measure of per- 
manent improvement of the state of the colony ; 
since, in spite of its arid appearance in summer, 
Cyprus is highly malarial. The chief vectors are An. 
superpictus, which breeds in very sinall shallow pools, 
often difficult to find ; An. sacharovi, a marsh breeder ; 
and An. bifurcatus, which breeds in wells. The last- 
mentioned species presents a special problem, for the 
local people often resent the application of larvicide 
to their only source of water. 

The eradication programme in Cyprus was different 
from the other operations discussed in that it was 
planned to cover the island in three sections, one in 
each year, with an overlapping protection fringe to 
prevent reinfestation of the zone under treatment. 
As a consequence, a smaller staff was required. The 
eradication was based on anti-larval measures, and 
D.D.T. solution was used for the first time in an 
eradication project. Treatments were applied weekly 
in the plains and fortnightly to sites above 2,000 ft. 
The areas covered by each larvicider were 25-80 sq. 
km. (10-30 sq. miles); these were divided into 
sections for treatment on the various days of the 
week. Only one or two litres of spray were required 
for each day’s work, and the small amounts required 
were applied by hand atomizers. In addition to the 
larvicidal work, a limited amount of drainage work 
was done to eliminate marsh-breeding forms. There 
was an attempt to prevent transport of mosquitoes 
in vehicles by spraying them regularly at certain 
points on the main roads. The progress of the work 
was assessed, as usual, by an indepéndent checking 
staff. In the first year (1946) the work was confined 
to the long narrow Karpas peninsula, which con- 
stitutes a seventh of the total area of the island. This 
relatively easy task was chosen for the first year to 
accustom the workers to their task. The Karpas 
peninsular was apparently cleared of mosquitoes in 
the first season and, at the time of writing, about half 
the remainder of the island has been dealt with in the 
second season. 


Mosquito Eradication in Sardinia 


Moderately serious malaria is endemic in Sardinia, 
about 10 per cent of the population suffering annually ; 
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this is worse than anywhere in Sicily or Italy. ‘The 
only important vector is An. labranchie, which is 
found at greater altitudes than on the mainland. [ny 
1946 it was decided to use certain funds acquired from 
the United Nations Relief and Rehabilitation 
Administration, and controlled by a commiss).in 
of the Italian Government, to create a mosquito 
eradication organisation. This project was direc( od 
by Dr. J. A. Kerr* of the Rockefeller Foundation, 
International Health Division, with a British, Ameri- 
can, and Italian headquarters staff. The island was 
surveyed in 1946 and eradication work begun in 
1947. As before, the chief reliance was placed on anti- 
larval work which, as in Cyprus, is being done with 
5 per cent D.D.T. solution applied from hand 
atomizers. The average-sized zone for treatment by 
one man is 10 sq. km., and this is divided into six 
sections, to be visited on successive weekdays. In 
contrast to earlier campaigns, an extensive D.D.7’, 
house-spraying programme has been employed. 
About 90 per cent of all dwellings on the island have 
been spray-painted with a D.D.T. emulsion to give 
@ residual insecticidal film. This will be repeated 
again in the early spring of 1948 and, possibly, in 
1949. 

The anti-larval work of the first year was confined 
to an area in the south-west, comprising about a fifth 
of the area of the island. This is for the training of 
operators and to test the organisation. In the 
following year it is proposed to cover the entire island 
and treat all breeding sites weekly throughout a 
thirty-six-week breeding season. The progress of the 
work will be judged from the reports of the usual 
checking staff, and in the third year of the planned 
programme, after the cessation of the anti-larval 
spraying, they will continue to search for mosquitoes 
to verify the eradication. 


Discussion 


The success of the earlier campaigns and the 
experience gained in them has led to the more 
ambitious objectives of the two latest projects. These 
involve three new difficulties: (1) the mosquitoes 
attacked are indigenous ; (2) the mosquitoes attacked 
breed in sites remote from human habitations, and are 
quite ready to feed on mammals other than man ; 
(3) in both areas there are considerable tracts of rough 
country, far from roads, to be treated. 

To balance these formidable difficulties, there is the 
introduction of the powerful new synthetic insecticides 
and the fact that both areas are islands. The value of 
D.D.T. in the larviciding work is very great, for it 
substantially reduces the amount of equipment which 
may have to be carried all day over difficult country. 
The only insecticidal impedimenta required for a 
day’s work is a hand atomizing gun and a litre or so 
of 5 per cent D.D.T. solution. D.D.T. has also been 
used for residual treatment of houses throughout the 
experimental area; but it appears to me to be of 
somewhat doubtful value in eradication when the 
vectors can be found breeding in large numbers in 
sites remote from houses. The disadvantage consists 
in the fact that all treated buildings are lost as 
catching stations; and, in eradication, the where- 
abouts of the last surviving mosquitoes is important. 
House treatment with D.D.T. is, admittedly, clearly 
of value in malaria control and it also has the advant- 
age of killing other insect pests; the latter fact 


sometimes ensures the co-operation of the inhabitants. 


a a that Dr. Kerr has retired tena reasons of health and 
that Dr. J. A 


. Logan has taken his place 
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APPROXIMATE OVERALL STATISTICS CONCERNING ANOPHELINE ERADICA- 
TION PROJECTS 











No. of 
Anopheline men Total Cost 
Zone species Area involved em- time |£1,000’s* 
| ployed 
Ne ON ee an —EE—EEE 
Brazil | gambia ? 2000 | Sbyr. 530 
Ipper | j 
Euypt | gambiae | 4,100sq.km. | 4000 |2 ,, | 800 | 
| 1,500 sq. miles | | } 
Cyprus | super- | | 
| pictus, 9,300 sq. km. 100 | 3 15 (7 
| sacharovi, | 3,600 sq. miles | months) 
ete. | | | 
Sardinia | labranchiar .| 23,000 sq. km. 6000F St more 
9,000 sq. miles than 
500t 
| a year 


* On the basis £1 = 4 dollars = 2,000 lira. 


t Estimates. 

Some overall statistics of the anopheline eradication 
campaigns are given in the accompanying table. It 
should, however, be pointed out that such operations 
are very difficult to compare by the use of such overall 
figures, or by examining small-scale maps. For 
example, the area which can be covered by a single 
larvicider will depend not only on the number of 
breeding sites present and the ease of travelling, but 
also on accessibility from sleeping quarters. Some 
labourers may be unwilling to leave their homes and 
enter a temporary unusual occupation, especially if 
they have relatively lucrative local employment. 
For such reasons as these, there may be manifold 
differences in the difficulties encountered in such 
operations in different areas ; nevertheless, it cannot 
fail to be noticed that the Cyprus venture appears 
to be very much less expensive than the’ other ones. 

It is too early to give an estimate of the chances of 
ultimate success of the campaigns now in progress. 
My visit to Sardinia strongly impressed me with the 
difficulties of adequately supervising work over such 
a large and inaccessible area. These latest eradication 
schemes demand all the faith and energy, as well 
as the technical and administrative skill, which are 
being devoted to them. 





SCIENTIFIC RESEARCH IN THE 
BRITISH ZONE OF GERMANY 
By Pror. F. A. PANETH, F.R.S. 


University of Durham 


Fe the second time within a period of thirty 
years, science in Germany is struggling for its 
existence ; but the problems of to-day are different 
from those of 1918, and so are the ways and means 
by which a solution is being attempted. 

When, after the First World War, Germany had 
collapsed, the greatest menace to the maintenance 
of its scientific standing was, besides the financial 
weakness of the country, the severing of all inter- 
national relations. German men of science had done 
more than their colleagues in other countries to help 
their Government, and especially the systematic 
study of the possibilities of poison gas as a method of 
warfare was deeply resented by the Allies. It took a 
long time before Germans were permitted to parti- 
cipate again in international meetings, the delay 
being largely dependent on the share taken in war- 
work; German astronomers were admitted years 
before German chemists. In these circumstances, 
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only a national effort could save the position of 
German science ; but the complete exhaustion of all 
the usual financial resources seemed to present an 
insurmountable obstacle. It was mainly the fore- 
sight, energy and organising genius of one man, 
Fritz Haber, to which the preservation of the high 
level of German science was due: while traditionally 
only the ‘Lander’ were the supporters of university 
activities, he convinced the authorities of the ‘Reich’ 
that in this emergency they had to provide ample 
funds for scientific work of every kind. Under his 
influence the Notgemeinschaft der Deutschen Wissen- 
schaft came into being, and science in Germany 
continued to flourish. 

To-day the material position of the scientific 
institutions in Germany is infinitely worse than it 
was after the First World War; but, on the credit 
side, it can be stated that there is little sign of any 
moral discrimination between men of science inside 
and outside Germany. This is no doubt due to the 
fact that this time support of the Governments was 
certainly more whole-hearted in the Allied field, right 
up to the perfection of the most powerful weapon of 
aggression. Immediately after the armistice, con- 
tacts were made between the scientific workers of 
the Allied countries and their German colleagues. 
The first object was to obtain all possible in- 
formation for the benefit of the Allies; but these 
discussions could not fail to result in the awakening 
of the old spirit of international solidarity so sadly 
interrupted during the War, end to-day it is very 
pleasant to see the efforts made by the occupying 
Powers to reactivate scientific life and research in 
Germany. There are differences between the four 
zones of occupation, and in some regions the 
endeavour went mainly in the direction of uprooting 
and transplanting scientific installations and workers, 
instead of giving them a fresh opportunity in Ger- 
many. Moreover, it seems that even members of the 
universities who had been dismissed as a consequence 
of the unfavourable verdict of a denazification tri- 
bunal were often tempted by offers of employment 
in other countries, previous enthusiastic support of 
the Nazi war machine now being no obstacle. Much 
more evident, however, at least in the British Zone, 
is the understanding help given by the Allies to all 
attempts at reviving the scientific activities inside 
Germany. 

As a consequence of the country’s unconditional 
surrender it was entirely for the Allies to decide 
how much scientific research should be permitted 
in Germany. The rules were laid down in the 
Allied Control Council Law No. 25, the object of 
which is ‘‘to prohibit for military purposes scientific 
research and its practical application, to control 
them in other fields in which they may create a war 
potential and to direct them along peaceful lines’’. 
A number of subjects are specifically mentioned as 
prohibited: for example, applied nuclear physics ; 
applied aerodynamics; ship construction; the 
detection of objects by electromagnetic radiation. 
Work on other problems requires prior permission, 
as, for example, research on broadcasting and tele- 
vision, electronic valves, ball bearings, and radio- 
activity other than for medical purposes. Detailed 
regulations have been issued for the procedure 
according to which applications for permission, and 
periodical reports on the work done, have to be 
submitted to the Control Council. 

It is clear that the effect of Law 25 on German 
science will depend on the spirit in which it is inter- 
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preted ; and that spirit, in the British Zone, is very 
favourable. Géttingen, one of the few university 
towns in Germany where war damage has been 
negligible, has been chosen as scientific head- 
quarters. Here the office of the Research Branch 
of the Economic Subcommission of the Control 
Commission has been set up; its scientific adviser is 
Dr. R. G. J. Fraser. Plans are under way to create 
in Géttingen a substitute for the former research 
centre of Berlin-Dahlem, where a great number of 
the famous institutes of the Kaiser Wilhelm Gesell- 
schaft were situated, and which no longer exists. 
The Allgemeine Versuchs-Anstalt (AVA) in Géttingen 
is not only using existing buildings but also planning 
to erect new ones to house institutes for physics, 
fluid flow, brain research, instrument design, and 
particularly medical research, to which special 
assistance will be granted. 

The support given by the Research Branch and its 
officials to German science is by no means confined 
to the Géttingen complex. A new institute for the 
standardization of physical quantities, in the tradition 
of the former Physikalisch-Technische Reichsanstalt, 
is in course of formation in Volkenrode (near Bruns- 
wick). Another sphere of the Research Branch’s 
activities is in the newly created learned societies ; 
because of their official Nazi affiliations the German 
Physical Society, the German Chemical Society, and 
many similar ones were disbanded; but a new 
German Physical Society in the British Zone held 
its second conference in Géttingen at the inni 
of last September (see Nature, November 22, 1947, 
p. 723), to be followed a month later by a meeting 
in Bonn of the Society of German Chemists in the 
British Zone. Both meetings were attended by a 
number of foreign scientific workers. 

It is well known that in certain branches of 
chemical documentation Germany had been leading 
for many decades; no reference work on organic 
chemistry can compare with “Beilstein”, none on 
inorganic chemistry with the eighth edition of 
“Gmelin”, both of which are publications of the 
German Chemical Society. Both are still incomplete, 
and it is very gratifying to learn that, after a period 
of uncertainty following Germany’s collapse, pro- 
vision has now been made for their continuation. 
“Beilstein” will be re-organised in the American 
Zone, but some difficulties may be expected owing 
to the loss of a few of the senior members of the 
original editorial staff ; ‘“Gmelin’’, on the other hand, 
is fortunate in that practically the entire staff is 
now re-assembled in the British Zone, as the Gmelin 
Institute for Inorganic Chemistry and Related Sub- 
jects. Its new organisation presents some interesting 
features, so a few more words may not be amiss. 

In Clausthal, near Géttingen, buildings of a 
munition factory had been scheduled to be blown up 
by the army; thanks to the intervention of the 
Research Branch, the administrative block was 
spared, in which at the moment the chief editor of 
“Gmelin”, Prof. E. Pietsch, and about fifty of his 
old helpers have not only their offices but also living 
quarters for themselves and their families. The 
great hardships of life in present Germany are thus 
mitigated ; the housing problem is solved, and the 
purchase of fuel and food is a community affair. 
The beneficial influence on the scientific productivity 
of the “Gmelin” staff is very obvious; and as, 
fortunately, a photographic copy of the 900,000 odd 
reference cards which the staff had prepared in the 
course of twenty years has been saved (although the 
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originals were destroyed by fire), the editor’s hope 
of completing the new edition of “Gmelin” in ton 
years may well come true. 

There is probably no scientific worker in Germany 
who would not appreciate the help given by the 
Allies in the revival of the various scientific activitiv, 
though some seem to think that the possible contr»| 
of their work by international committees is 
unmitigated blessing. It would certainly be regr« 
table if control, or even advice, should go so far as 
to make work appear international which is, in fa 
due to the efforts of German specialists. In this 
connexion we should like to refer again to the very 
different situation which existed in Germany after 
the First World War, when the necessity of keeping 
science in Germany alive by its own exertion, against 
international detachment or even hostility, proved 
to be in itself a potent force in its recovery. One can 
understand that to-day there is in some quarters a 
slight resentment against too much patronizing from 
outside ; but what seems to some justified national 
pride may easily be denounced by others as a remnant 
of Nazism. All the steps taken by the British Control 
Commission with respect to scientific activities in 
Germany have to be viewed against a very complex 
psychological background; considering that such 
difficulties are added to those due to the hard material 
conditions, everyone will gladly acknowledge that, 
thanks to the Research Branch of the Control Com. 
mission, a great deal has already been achieved, and 
that one can cherish very good hopes for the future. 


WATER MOVEMENTS AND EARTH 
CURRENTS: ELECTRICAL AND 
MAGNETIC EFFECTS* 


T is a consequence of Faraday’s law of electro- 

magnetic induction that when a large body of 
water moves in the presence of the earth’s magnetic 
field, an electromotive force is set up across the 
direction of motion. Faraday himself said that the 
tidal streams in the English Channel would generate 
electric currents across the channel, through the sea, 
and returning through the land beneath the water. 
Twenty years later (1851) he was satisfied that 
fluctuations observed by Charlton Wollaston on the 
first submarine cable between England and France 
were due to this effect. Other early observations 
tended to confirm the connexion of the tides with 
earth currents in submarine cables and in coastal 
regions. 

No serious study of the subject was made at the 
time, but a great step forward was made in 1918 when 
Young, Gerrard and Jevons made a series of experi- 
ments with electrodes in the sea at Dartmouth, and 
Decheverens demonstrated the dependence of the 
fluctuating earth-current on the tides in one of the 


Channel Islands. Another striking contribution was P 


made by Cherry and Stovold, who observed fluctua- 
tion of tidal periods between the English and French 
coasts when Post Office cables were being renewed 
after the Second World War, the largest differences 
being as much as 0-8 volt. Several Admiralty 
departments have also observed submarine fluctua- 
tions of tidal period, and the subject is being studied 


* Substance of papers by N. Barber and M. 8. Longuet-Higzins, 
Admiralty Research Laboratory, read at a Geophysical Discussion 
on “The Electrical and Magnetic Effects of Marine Currents” held at 
the Royal Astronomical Society on November 27. 
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at the Admiralty Research Laboratory. A possible 
application is that once a suitable calibration has 
been made, the potentials, in sea or land, may serve 
as & routine method of measuring tidal streams or 
ther water flow. 

The gradients are detected by a high-resistance 
galvanometer the terminals of which are connected to 
non-polarizing electrodes placed a mile or so apart 
on the sea bottom, or down wells near the coast. 
The potential gradients are of the order of 10 millivolts 
per kilometre. Evidence that the tidal potential 
gradients and the electric current associated with 
them are due to the motion of the tidal streams 
through the earth’s magnetic field is provided by the 
following observations: (1) The potential gradient in 
the sea is directed approximately at right angles to 
the direction of water flow. (2) The times of maximum 
potential gradient coincide with the times of maximum 
velocity of the tidal stream. (3) The English coast is 
positive with respect to the French coast when the 
tidal stream is flowing east. (4) The potential gradient 
in the land is directed in the opposite sense to the 
potential gradient in the sea: when the potential of 
the English coast is positive, the point of highest 
potential is on the coast and the potential is less at 
points farther inland or out to sea. 

If the moving water in the Channel acts as a tidal 
dynamo, the electromotive force to be expected can 
be estimated from the known velocity of the tidal 
streams and the vertical intensity of the earth’s 
magnetic field. The estimated electromotive force 
between the English and French coasts at the time 
of maximum stream is 3 volts, which is about four 
times as much as the observed potential difference. 
The reduction can be attributed to the flow of electric 
current: when the English coast is at a positive 
potential the current flows northwards through the 
water, and after spreading outwards and downwards 
into the land returns in a southward flow below the 
sea bed, so that the tidal dynamo is short-circuited. 
In the water the electric current density is estimated 
to be about 10°* amp. per square centimetre when the 
tidal streams have their maximum velocity ; but in 
the land, and below the sea bed, the current density 
is presumably very much less. 

If the magnetic field produced by this presumed 
flow of electric current could be measured, it would 
give further valuable evidence of the phenomenon ; 
but since the flow of current is solenoidal it can be 
expected to produce little or no magnetic field on the 
earth’s surface. On the sea bed in the English Channel 
at a depth of 100 metres, the flow of electric current 
may produce a tidal variation amounting to +10 
gamma in the east-west component of magnetic field ; 
but in the land near the coast at a depth of 1,000 metres 
the variation of magnetic field may amount to less 
than 1 gamma, since the current density in the land is 
so much smaller. No observations of this nature have 
yet been made. 

The observation of tidal potential gradients is 
usually complicated by more rapid and irregular 
variation of potential gradient due to earth currents 
associated with magnetic storms. These earth 
currents are observed in the sea as well as on land, 
and they tend to be concentrated in estuaries and 
channels, presumably because these provide preferen- 
tial paths of low resistivity. 

The magnetic fields of these concentrations make 
important contributions to the vertical magnetic 
intensity in the neighbouring coastal regions. This 
possibility was recognized by Van Bemmelen, who 
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made a survey of the character of the sudden com- 
mencement of magnetic storms at a large nuzaber of 
observatories, and showed that the sudden changes 
of vertical intensity are usually of opposite signs at the 
Greenwich and Paris Observatories, although the two 
observatories are only 200 miles apart. He suggested 
that the difference in sign might be due to earth 
currents induced by the magnetic storm being 
concentrated in the English Channel between the two 
observatories. 

An example taken from measurements of the east— 
west potential gradient in the sea off Plymouth for a 
minor magnetic storm with a sudden commencement 
at 2240 hr. on August 30, 1946, when the horizontal 
intensity changed by 65 gamma in an interval of 
about three minutes, shows that the east—west 
potential gradient in the sea increased by 60 millivolts 
per kilometre at the same time. Assuming that such a 
potential gradient was present in the whole of the 
English Channel, it can be inferred that a current of 
about 3,000 amp. was flowing at the time. Such a 
current flowing fifty miles from the Observatory at 
Abinger would produce there a vertical magnetic field 
of 7 gamma, an appreciable part of the 12 gamma 
which was actually measured. 

Although there is some indication that earth 
currents localized in the English Channel may 
produce appreciable magnetic changes at Abinger 
when the period of the change is as long as an hour, 
the effect of earth currents should be more important 
in variations of shorter period. Experiments in the 
narrow channel between Cumbrae and Bute in the 
Clyde estuary suggest that earth currents in this and 
neighbouring channels are the main source of fluctua- 
tion of magnetic field as far as periods less than 
10 min. are concerned; but for longer periods 
(greater than 30 min.), the direct magnetic effect of 
the overhead electric currents becomes of increasing 
importance relative to that of the earth currents. 
The study of short-period variations in the earth’s 
magnetic field must, therefore, take account of 
possible secondary effects due to earth currents 
concentrated in a channel or arm of the sea. 


OBITUARIES 
Prof. David Enskog 


WE learn only now, with much regret, of the death 
on June 1, 1947, of David Enskog, professor of 
mathematics and mechanics at the Kungliga Tekniska 
Hégskolan, Stockholm, since 1930. 

Born in 1887, Enskog was a student at Uppsala from 
1906 until 1911, in which year he obtained his 
licentiate, partly for experimental work on gas 
diffusion. In the same year he published a short 
paper on the kinetic theory of gases, which contains a 
brief mention (the first so far as I know) of the 
phenomenon which since 1916 has been called 
thermal diffusion. In 1912 he published another 
paper dealing with a gas composed of electrons and 
molecules ; H. A. Lorentz had shown that the mean 
free-path phenomena for such a gas could be accur- 
ately calculated ; for this case Enskog made the first 
accurate calculation of the thermal diffusion coefficient. 

Enskog sought without success to obtain a travelling 
studentship to enable him to continue his studies and 
research ; instead he became a schoolmaster, first at 
Stockholm, and later at Skévde and Gavle. He 
married in 1913. During the First World War he was 
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exempted from military service on medical grounds. 
His years of school teaching continued until 1930, 
with an interlude of nine months in 1922, during 
which he held a travelling scholarship of the Swedish 
Academy of Seiences at Géttingen and Munich. 
During these seventeen years of school teaching, he 
produced a long series of papers, mainly on gas 
theory, but also on integral equations, nuclear 
structure, and radioactivity. His transfer to a 
university chair seemed rather to bring him new 
duties than increased leisure, and this, with renewed 
ill-health, reduced his productivity in his later years, 
though he continued to think and write on gas theory ; 
one of his last papers was concerned with the 
absorption of sound in gases and liquids, owing to 
viscosity and thermal conduction. 

Enskog’s most distinguished work was done on the 
kinetic theory of gases; in his 1917 dissertation, and 
in @ more detailed paper of 1921, he extended 
Boltzmann’s work on entropy and the mean free-path 
phenomena, solving Boltzmann’s integro-differential 
equation for any moderately rare gas constituted of 
spherically symmetrical molecules. His exposition 
was not easy, but his work had great mathematical 
elegance. The results were substantially the same as 
those that I had published in 1915 and 1916, following 
Maxwell’s line of approach. In a subject so compli- 
cated it was advantageous to have the two indepen- 
dent treatments, the close agreement of which helped 
others to have confidence in the results. This work 
forms the main subject of “The Mathematical Theory 
of Non-Uniform Gases”’, by Prof. T. G. Cowling and 
myself, in which we expounded the theory on his 
lines rather than on those I had followed ; the book 
was, therefore, appropriately dedicated to Enskog. 

Enskog also did important work, yielding valuable 
results, on the kinetic theory of dense gases and 
liquids; his interest in this difficult subject was 
shown over many years. It seems likely, however, 
that the line of future progress lies along another 
path, recently opened up by Prof. Max Born and 
Dr. H. 8. Green. 

In 1946 the Royal Swedish Academy of Science 
bestowed on him its Svante Arrhenius Medal, in 
well-deserved recognition of the distinction of his 
contributions to gas theory. 

Enskog was a friendly man of engaging simplicity 
and great modesty. His home life was very happy. 
He is survived by his wife and children (a son and two 
daughters) and grandchildren. S. CHAPMAN 


Mr. W. H. Pick 


Wrru the death of William Henry Pick, a principal 
scientific officer in the Meteorological Office, which 
occurred on December 26, 1947, the Meteorological 
Office and the Royal Air Force lose one who combined 
to an exceptional degree meteorological and educa- 
tional ability. 

Pick was born in 1891 and after graduating in 
science at the University of London became a 
teacher. He showed his interest in meteorology first 
by maintaining with his pupils at Queen Mary’s 
School, Basingstoke, a climatological station sending 
returns to the Meteorological Office. He joined the 
Meteorological Section, Royal Engineers, in 1917, 
and after serving in France was placed in charge 
of the meteorological detachment with the North 
Russian forces in 1919; then in 1920 he joined the 
Meteorological Office. For the next eight years he 
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College, Cranwell. He wrote for the cadets his bx 
“A Short Course in Meteorology”, which soon foun 
appreciation in a much wider circle, edition afte 
edition being called for. 

After nearly four years as a senior forecaster 
Meteorological Office headquarters, he was meteo: 


logical officer at Andover during 1932-38, and in +} ' 
earlier part of that period was closely and fruitfully 


associated with twelve special investigations carr 
out by the R.A.F. into cloud flying with its risks 
ice accretion. Advisory duties at H.Q. Bomber Com. 
mand during 1938-40 were followed, after a short 
interlude in the Air Ministry, by duties in connexion 
with the meteorological aspects of smoke screening, 
first with the Ministry of Home Security and then 
with H.Q. Anti-Aircraft Command. From early 1945 
until a very few days before his untimely end, he 
was in charge of the meteorological station at South 
Cerney meeting the requirements of several R.A.F. 
stations. 

Pick wrote numerous papers published by the 
Meteorological Office or in the Quarterly Journal of the 
Royal Meteorological Society on visibility as affecting 
aviation, on the forecasting of night minimum tem. 
peratures and the persistence of types of pressure 
distribution. The thesis ““The Teaching of Meteorology 
in Secondary Schools’’ for which, with his “Short 
Course”, he was awarded the fellowship of the 
College of Preceptors particularly exemplifies his two 
main interests. He served on the council of the 
Royal Meteorological Society during 1931-36. 

Pick will be missed by many members of the 
Royal Air Force, especially his old Cranwell pupils, 
to whom he had been a wise teacher and friend, and 
by his colleagues in meteorological circles. He was 
married in 1944 and leaves a widow. 


Mr. John Lister 


Mr. JoxuN Lister, formerly head of the Mathema. 
tical Department, Chelsea Polytechnic, died at 
Gawsworth, Cheshire, on December 5. Born at 
Stockport in 1876, he went to the Royal College of 
Science, London, in 1895, and took his associateship 
in 1898 with first-class honours in mathematics, 
physics and chemistry as his main subjects. After 
two years teaching at West Ham Technical Institute, 
he was appointed lecturer at Chelsea Polytechnic, 
where he spent the rest of his teaching career, being 
eventually head of the Mathematical Department, 
until his retirement in 1927. 

His wide knowledge of cognate subjects gave 
colour and interest to his teaching of mathematics, 
and the admirable lucidity of his expositions will 
be remembered by many generations of Chelsea 
students. 


WE regret to announce the following deaths : 


Prof. T. D. A. Cockerell, emeritus professor of 
zoology, University of Colorado, on January 26, aged 
eighty-one. 

Dr. H. A. Deslandres, For.Mem.R.S., formerly 
director of the Observatory of Meudon, on January 15, 
aged ninety-four. 

Mr. Orville Wright, a pioneer with his brother, 
Wilbur Wright. of the aeroplane, on January 30, 
aged seventy-six. 
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NEWS and VIEWS 


Scientific Civil Service: Promotion of Individual 
Research Workers 


In Nature of April 5, 1947 (p. 464), some details 
were given of a number of members of the Scientific 
Civil Service who, as individual research workers of 
exceptional quality, had been appointed to special 
posts created under provisions included in the 
Government White Paper on the Scientific Civil 
Service (Cmd. 6679) published in 1945. It has now 
been announced that, on a further review, the under- 
mentioned members of the Scientific Civil Service 
have similarly been promoted to the grade of senior 
principal scientific officer (inclusive salary scale 
£1,320-£1,520) with effect from January 1, 1948. 

H. Barrell (Department of Scientific and Industrial 
Research), the authority in Great Britain on the 
determination of standards of length in terms of 
wave-lengths of light ; he has carried out much work 
in interferometry and its application to the measure- 
ment of accurate gauges ; W. Binks (Department of 
Scientific and Industrial Research), who has made 
important contributions on the measurement of the 
intensity of the ionizing radiations produced by 
X-rays and radioactive substances ; he was largely 
responsible for work which led to the internationally 
accepted recommendations for the protection of 
workers in this field; H. Carmichael (Ministry of 
Supply), who has carried out important investigations 
into cosmic rays and is at present engaged on instru- 
mentation for atomic energy research; Dr. C. M. 
Cawley (Department of Scientific and Industrial 
Research), a chemist who has carried out outstanding 
work during the last eighteen years on the mechanism 
of hydrogenation of tar, oils, and pure compounds ; 
on the production of toluene from cresol; on the 
development of gelled-fuels for flame throwers ; and 
on the extraction of benzol from coal gas, and on 
wax from British peats and lignites; I. Fagelston 
Admiralty), a chemist who has made outstanding 
contributions on propulsion problems in relation to 
torpedoes and surface and underwater craft; A. 
Forster (Ministry of Supply), an organic chemist and 
engineer with outstanding knowledge of high ex- 
plosives and propellants, and of their manufacture ; 


J. K. Hardy (Ministry of Supply), an engineering 


physicist who has made important contributions to 
the study of de-icing and to many other subjects ; 
A. W. Hothersall (Ministry of Supply), who is a 
leading authority on electro-deposition of metals, with 
particular reference to resistance to wear and erosion ; 
B. Pontecorvo (Ministry of Supply), who was re- 
sponsible for pile development in Canada and is now 
conducting fundamental atomic energy research in 
nuclear physics; Dr. R. H. Purcell (Admiralty), a 
physical chemist who has been concerned with the 
practical application of physics and chemistry to a 
very wide field of engineering problems; H. A. 
Sloman (Department of Scientific and Industrial 
Research), who has carried out pioneer work on the 
production and properties of pure beryllium, and, 
recently, on the analysis of gaseous impurities in 
metals, especially in steel and by the development of 
the now widely used vacuum-fusion method ; A. G. 
Tarrant (Department of Scientific and Industrial 
Research), a physicist who has contributed outstand- 
ingly to the solution of research problems in road 
construction, specializing particularly in the de- 
velopment of equipment for studying the deteriora- 
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tion of road surfaces ; during the War he developed 
novel types of accelerometer for examining the move- 
ment of gun mechanisms and the flight of bombs 
and underwater projectiles. 


British Somaliland and its Development 


THE report on the general survey of British 
Somaliland, 1945 (Burao: General Survey. 3s. 6d.), 
prepared following the approved scheme under the 
Colonial Development and Welfare Act, indicates 
that considerable areas of the country are almost 
completely unknown. 1945 was a good average year 
as regards rainfall and grazing, and in the geological 
exploration of the Onkhar area an oil seepage was 
found, of which 800 square miles were mapped. This 
area is well watered and there are valuable belts of 
Damas trees in the coastal lowlands. A potential 
motor track from Dur Elan to Onkhar was dis- 
covered. The original purpose of the survey was the 
collection, co-ordination and distribution of data from 
existing knowledge, and also the continued collection 
of further data, especially as regards topography, 
meteorology, geology, botany, zoology and tribes 
and their stock, so as to fill in the gaps in the structure 
of a composite research scheme and eventually to 
compile a full account of the general geography of 
British Somaliland on which wise development could 
be based. Detail is included in this report as an 
example of the sort of information which general 
survey Officers are expected to collect, and some 
notes on the methods of work are also included for 
the use of colleagues in Somaliland, including native 
assistant surveyors. 

A Gazetteer of British Somali Place Names (Burao : 
General Survey. Is.), covering British Somaliland 
and Grazing Areas, September 1943—February 1945- 
December 1945, has been prepared by the Survey 
Department of the Protectorate Government and 
published separately, to facilitate the location of 
place-names which may or may not be recorded on 
existing maps, and to provide an authoritative 
foundation for fixing as closely as possible the spelling 
of these names according to the recommendations 
of the Royal Geographical Society. 


Scientific Expedition to Arnhem Land 
THE National Geographic Society, Smithsonian 


Institution and the Commonwealth of Australia 
jointly are sending a scientific expedition to Arnhem 
Land at the close of the rainy season in March. The 
expedition will study the aborigines and the plant 
and animal life, including marine life, throughout 
the dry season, which normally ends late in October. 
Arnhem Land, which is an aboriginal reserve, has 
no charted trails suitable for motor transport ; the 
expedition’s approach will be by small schooner to 
coastal stations on Van Diemen Gulf, the Arafura 
Sea, and the Gulf of Carpentaria. Natives will be 
enlisted as porters for journeys inland. Of five bases 
selected for the expedition’s use, one especially suited 
for study of marine life is on Groote Eylandt just 
off the east coast in the Gulf of Carpentaria. Other 
bases are at the heads of navigation of mainland 
streams, where Christian missions established early in 
the century have been allowed to remain. The 
leader of the expedition will be Charles Pearcy 
Mountford, ethnologist of the South Australia 
Museum, Adelaide. Mr. Mountford, who has taken 
part in various anthropological and ethnological 
expeditions in Australia, is an authority on aboriginal 
art, customs and culture. Other members of the 
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party are Frank M. Setzler, head curator, Depart- 
ment of Anthropology; Dr. David H. Johnson, 
associate curator, Division of Mammals ; Herbert G. 
Deignan, associate curator, Division of Birds; and 
Dr. Robert R. Miller, associate curator, Division of 
Fishes, all of the Smithsonian Institution; and 
Harrison Howell Walker, National Geographic staff 
writer-photographer with several years of Australian 
experience. A similar group of Australian scientific 
workers will take part in the expedition. 


Fuel Systems for the Aero-Gas Turbine 


Dr. E. A. Watson and his colleagues were 
associated with Air Commodore Whittle in the early 
development of the aero-gas turbine. A paper 
presented before the Institution of Mechanical 
Engineers on December 5 gives an account of the 
results of their researches into fuel systems for such 
turbines. In the first part of the paper, Dr. Watson 
deals with the methods used for ensuring that the 
correct quantity of fuel is supplied to the engine 
under all conditions of thrust and altitude. The 
desirable characteristics of fuel systems from this 
point of view are deduced in a logical way, commencing 
with a typical heat input-engine speed curve at 
given inlet pressure and temperature, which is then 
modified to take into account variation of inlet con- 
ditions. It is then shown that neither an approxim- 
ately isochronous governor nor a constant-stroke 
fuel pump driven directly by the engine possesses 
the required characteristics. The remaining alterna- 
tive is to define the fuel flow directly by the pilot’s 
control, with a compensating device for attitude 
variation. The remainder of this part of the paper 
is devoted to a discussion of the methods employed 
to achieve this, illustrated by descriptions of the 
various devices which have been used. 

In the second part of the paper, the author turns 
his attention to the atomization of the fuel in the 
burners, and gives an account of some very ingenious 
methods which have been developed by various 
investigators to determine particle size and distribu- 
tion. Illustrations are given of some atomizers which 
have been used. The paper should be of general 
interest to all who have followed the development of 
the gas turbine from its early stages, and the second 
part of particular interest to those concerned with 
the combustion of liquid fuels. 


The Electronic Organ 


So far as can be ascertained, there is only one type 
of electronic organ, that is one operating from purely 
electric means (see Nature, 145, 170 (1940)) and so 
obviating pipes, being developed and manufactured 
in Great Britain, namely, the Electrone of the John 
Compton Organ Co., Ltd. The fact that it is produced 
by a long-established pipe-organ company means 
that it is properly ‘voiced’ by experienced craftsmen, 
without which it might be feared that traditional 
organ-tone might be lost. The model now available 
has two manuals and pedals, and a good array of 
stops and couplers. It was described by its inventor 
and designer, Mr. L. E. A. Bourne, and fully demon- 
strated by Mr. J. I. Taylor at a meeting of the 
Institution of Electronics held at the Royal Society 
of Arts on January 26. The post-war model is a 
great improvement over that produced in small 
quantities before the War, and can now easily take 
a place with regular pipe-organs of three times 
the price and greatly diminished maintenance. 
The improvement is largely due to a re-design of the 
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electrostatic runners, using formants in many of t).» | 
tracks instead of the previous all-sine-wave track. 
and more carefully selected loudspeakers. There ars 
twelve unit-generators, all equal but driven by ono 
belt, coupling pulleys of diameters inversely prop 
tional to the equal-tempered ratios. Harmonics ;.» 
to the thirtieth are used at present, but experimen:s 
are being made to go much higher when larger | 
instruments are constructed, that is, larger in {he 
sense of diversity of registration and effects, not 
volume, since this merely means using more amplifiers 
end suitably disposed loudspeakers. 





Intensive Vegetable Cultivation 


THE increased demand for fresh vegetables }s 
stimulated the grower's interest in new or impro\ed 
methods of intensive cultivation. There remains 
however, the difficulty of providing him with e 
latest information in an accessible form, and three 
illustrated bulletins issued by the Ministry of Avri. 
culture (London : H.M. Stationery Office) on different 
aspects of the subject will do much to meet this 
need. “Irrigation” (Bull. No. 138. Is. 6d. net) is 














entirely new. In it natural water supplies of all types 
are discussed, and the various methods of augmenting 
them by means of spray or soil irrigation described. 
Such artificial systems inevitably entail heavy ex. 
penditure, but it is considered that in some circum. 
stances the results may fully justify it. “Crop 
Production in Frames and Cloches’’ (Bull. No. 65. 
2s. 6d. net) has been completely rewritten. It provides 
a wealth of practical information, though stressing 
the fact that a thorough understanding of soils, 
varieties, ventilation, etc., is needed before success 
in this specialized line can be expected. ‘Practical 
Soil Sterilization” (Bull. No. 22. 1s. 3d. net) appears 
in a revised form. Large-scale methods employing 
both steam and chemicals are described for use in 
glasshouses, but instructions for dealing with small 
quantities of soil needed for propagation purposes or 
growing plants in pots are also included. 


Annular Eclipse of the Sun on May 8-9 

Tue National Research Council of Japan has 
arranged a programme of observations of the iono- 
sphere during the annular eclipse of May 9 next, the 
central line of which passes across a small island 
north-west of Hokkaido. One of the objects of the 
programme is to obtain further evidence on the 
speed of particles proceeding from the sun to the 
earth. The exact times of contacts are to be recorded 
in connexion with a large-scale programme of geo- 
physical observations. 


National Foundation for Scientific 


Brussels 

THE nineteenth annual report of the National 
Foundation for Scientific Research, Brussels, covering 
the year 1945-46, includes the reports of the ten 
scientific commissions together with details of grants 
made, of distinctions obtained during the academic 
year, and particulars of researches in progress during | 
1946-47. A list of publications during the year is 
appended under authors, together with a classified 
list of authors according to the scientific commission 
with which their work is associated. The Commission 
for Mathematics and Astronomy reports on a study 
of irregular algebraic surfaces and on correspondences 
between two algebraic surfaces. Prof. M. A. Picard 
reports on behalf of the Commission for Physical 
Chemistry, Electro-chemistry and Radioactivity on 
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research on new radioactive substances, while on 
behalf of the Commission for Morphological Medical 
Sciences, Prof. M. G. Leplat refers to a study of 
senescence. The Scientific Commission for Pathology 
of Transmissible Diseases, Colonial Pathology and 
Hygiene has studied the extension of bilharziasis and 
its control, rickettsiosis and filariasis, while the Com- 
mission for Clinical Sciences has been investigating 
the problems of antibiotics and the mode of action 
of sulphonamides. The Commission for Applied 
Chemistry has investigated the constitution and 
chemical properties of mineral oils, and a new 
Scientific Commission has been set up for the study 
of problems of nuclear energy. 


National Institute of Sciences of India: Elections 


At the annual genera! meeting of the National 
Institute of Sciences of India, held at Patna on 
January 1, the following new fellows were elected : 
Dr. B. 8S. Bhimachar, fisheries officer with the Govern- 
ment of Mysore, Bangalore ; Pratap Chandra Bose, 
chief engineer, Corporation of Calcutta; Dr. Satya 
Charan Chatterjee, head of the Department of 
Geography, Patna College, Bankipur, Patna; 
Jehangir Fardunji Dastur, head of the Division 
of Mycology, Indian Agricultural Research Insti- 
tute, New Delhi; Dr. Arun Kumar Dutta, reader 
in physics, Dacca University; Dr. Rukmini 


Kishore Dutta Roy, Geological Survey of India, 
Calcutta; Dr. Robert E. Heilig, chief physician, 
Jaipur; Dr. Kolar Ramakrishna Krishnawami, 


director of industries, Bihar, Patna; R. A. Mac- 
Gregor, formerly chief metallurgist to the Govern- 
ment of India, Calcutta; Ganesh Chandra Mitter, 
chief assayer, His Majesty’s Mint, Bombay, and 
honorary professor of industrial chemistry, Royal 
Institute of Science, Bombay ; Dr. Mahadeo Atmaram 
Moghe, professor of zoology, College of Science, 
Nagpur, and head of the Department of Zoology 
and dean of the Faculty of Science, Nagpur Univer- 
sity; Dr. S. P. Raju, director of the Engineering 
Research Department, H.E.H. Nizam’s Government, 
Hyderabad, Deccan; Dr. Srinivasa Ramanujam, 
Central Potato Research Institute, New Delhi ; 
Dr. Subbarao Ramachandra Rao, professor of 
physics, Central College, Bangalore; Dr. Jyotis 
Chandra Ray, director, Indian Institute for Medical 
Research, Calcutta. 


Physiology and Pathology of Animal Reproduction 


Tue First International Congress on the Physiology 
and Pathology of Animal Reproduction and on 
Artificial Insemination will be held during June 23-30 
at Milan. On June 21 a preliminary conference will 
take place, under the auspices of the United Nations 
Educational, Scientific and Cultural Organisation, at 
which a limited number of Italian and foreign 
epecialists will discuss ‘Interacting Substances of 
Ova and Sperm, and Parthenogenesis”. The Scientific 
Commission of the Congress will arrange the papers 
sent to the Congress in sections according to subject ; 
full sessions will discuss certain themes of general 
interest. The subjects the Congress is to deal with 
are: (a) biological problems of animal reproduction ; 
(b) breeding problems of animal reproduction ; 
(c) pathological problems of animal reproduction ; 
(2) methodological and practical problems of artificial 
insemination of animals ; (e) legislative and organisa- 
tional problems of artificial insemination and of 
animal reproduction. An exhibition of related 
material and books, and also visits to breeding 


NATURE 








197 


stations and scientific institutions, are being arranged. 
Papers for the Congress must be received by March 31. 
Detailed information can be obtained from Prof. T. 
Bonadonna, secretary-general of the Congress (via 
Bronzetti 17, Milan). The subscriptions are: for 
members actually taking part in the Congress, 
8 dollars or £2; for others, 4 dollars or £1. 


International Symposium on Noise 


AN international symposium on noise is to be held 
by the Acoustics Group of the Physical Society in 
association with the Royal Institute of British 
Architects during July 14-16, in the hall of the 
Institute at Portland Place, London, W.1. The draft 
programme provides for four sections: (1) noise 
measurement ; (2) field and laboratory studies ; 
(3) reduction of noise, air-borne and structure-borne ; 
(4) building practice, as applied in houses and flats, 
factories, theatres, concert halls, etc. Contributions 
to the symposium are invited, and those who intend 
to read papers or submit written contributions are 
asked to inform the recorder, Dr. A. J. King, not 
later than March 31. Anyone wishing to have 
accommodation reserved should apply as soon as 
possible to the Accommodation Officer. The address 
for him and the Recorder of the Symposium is: 
Acoustics Group, Physical Society, 1 Lowther 
Gardens, Prince Consort Road, London, 8S.W.7. 


Royal Meteorological Society 


THE following have been elected officers of the 
Royal Meteorological Society: President, Dr. 
G. M. B. Dobson; Vice-Presidents, Capt. L. G. 
Garbett, E. Gold, G. Manley, J. F. Shipley, A. 
Thomson (for Canada) and J. Paton (for Scotland) ; 
Treasurer, W. N. Witchell ; Secretaries, E. L. Hawke 
and Wing-Comdr. R. M. Poulter ; Scottish Secretary, 
A. J. Drummond; Foreign Secretary, L. C. W. 
Bonacina ; Councillors, A.C. Best, A. W. Brewer, J. 8. 
Forrest, Major H. C. Gunton, W. G. Kendrew, 
I. T. D. Kirkpatrick, Dr. A. R. Meetham, Dr. F. J. 
Scrase, Prof. P. A. Sheppard, A. E. Slater, Lieut.- 
Comdr. P. C. Spink and Dr. T. W. Wormell. 


Ethics and Science Conference 

Tue Ethics and Science Conference arranged by 
the British Social Hygiene Council will be held on 
Friday, March 19, at the Livingstone Hall, London, 
S.W.1. The main theme of the Conference will be 
“Society and the Individual”, each of the two 
sessions being devoted to a different aspect of this 
problem ; the speakers at the morning session con- 
sidering “The Value Society Sets upon the In- 
dividual”, and at the afternoon session ““The Values 
the Individual Sets before Himself’. The chair will 
be taken by Mr. L. J. F. Brimble and Dr. E. B. 
Strauss, and the speakers will include Mr. F. Ian G. 
Rawlins, Canon Marcus Knight, Mr. Kenneth Walker, 
Dr. E. H. Larkin, Mr. John Mackay-Mure, Mrs. 
Joan B. Thompson, Father Leycester King, Dr. Mary 
Smith, and others. Time will be allowed for dis- 
eussion at both the morning and afternoon sessions 
and at an open meeting in the evening. It is hoped 
that, as a result, fresh light will be thrown upon 
the problems arising from the apparent conflict 
between the scientific and spiritual interpretations 
of life. Further information and tickets (members 
of the Council, 2s. 6d.; others, 3s. 6d.) may be 
obtained from the British Social Hygiene Council, 
Dept. 8.J.1, Tavistock House North, Tavistock 
Square, London, W.C.1. 
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LETTERS TO THE EDITORS 


The Editors do not hold themselves responsible 


for opinions expressed by their corr 
No notice is taken of anonymous communications 


Formation of Siphons in Lamellibranchia 


THe mantle edge in the Lamellibranchia consists, 
as is well known, of three lobes. Of these the one 
adjacent to the shell (Fig. 1, 1) is concerned with the 
secretion of this, while the bounding periostracum is 
secreted as a thread from the base of the groove 
(PG) between this and the next lobe. This middle 
lobe (2) has sensory functions, bearing tentacles and 
in certain cases, for example, Pecten and Spondylus, 
eyes. The innermost lobe (3) is characteristically 
muscular. It contains radial muscles attached to the 
shell along the pallial line and, between upper and 
lower strands of these, other muscle running longitud- 
inally. Action of these muscles, in conjunction with 
distension caused by pressure of blood, is responsible 
for the movements of this lobe, usually known as 
the velum or, better, the paliial curtain. By this 
means the entrance of water into the mantle cavity 
is controlled, for example, in Ostrea'. In extreme 
cases, such as Pecten and Lima, it also controls the 
direction in which water is expelled during the 
swimming movements’. 

In other words, the inner, secretory lobe retains 
the primitive function of the mantle edge in the 
Mollusca, while the sensory and muscular lobes have 
come into being with the evolution of the Lamelli- 
branchia. The sensory functions of the head have 
been taken over by the enclosing mantle, the margins 
of which alone are now in contact with the environ- 
ment. The greatly increased water current caused 
by the lateral cilia on the ctenidia which have been 
enlarged in connexion with feeding is controlled by 
the muscular lobe. 

While in the more primitive Lamellibranchia the 
wriginal freedom of the mantle edges is retained, as 
in the genera mentioned above, in the majority these 
are fused to a greater or less extent. Openings are 
retained for the extrusion of the foot and for intake 
and expulsion of water, with occasionally a fourth 
aperture. What does not appear to have been recog- 
nized is that the degree of fusion involved in the 
formation of the inhalant and exhalant apertures or 
siphons may take one of four forms, involving fusion 
of one, two or, in part or entirely, all three lobes of 
the mantle edge. These are shown diagrammatically 
in Fig. 2, A-D. 

In the first of these, (A), only the inner, muscular 
lobe is involved. The simple exhalant opening (not a 
true siphon) of Mytilus is so formed. The inhalant 
and exhalant openings, one or other of which may 
be prolonged into a short siphon, in the Leptonacea’, 
best exemplified by Kellia, and which are widely 
separated with the inhalant opening anterior, are 
similarly formed. The same is true of the Tridacnidz* 
where, owing to the twisting round of the visceral 
mass in relation to the shell, the exhalant opening 
has migrated to the topographically upper surface. 
There are at least three groups in which posteriorly 
directed siphons are formed in this manner, namely, 
in the Nuculanide among the Protobranchia and in 
the Tellinacea (including, as pointed out by Graham‘, 
the Solecurtidz) and Anatinacea among the Eulamelli- 

branchia. In all these the middle and outer lobes 
of the mantle edge are continuous around the posterior 
margin of the shell; but the muscular lobes of the 
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SECTION THROUGH MANTLE EDGE OF A LAMELLIBRAN« 

N, NERVE; P, PERIOSTRACUM; PG, PERIOSTRAC 
L, PALLIAL MUSCLES ; S, SHELL; 1, 2, 3, OUT: 
MIDDLE (SENSORY), INNER (MUSCULAR) LOBES 


Fig. 1. 
M, MANTLE ; 
GROOVR ; 
(SECRETORY), 
two sides unite to form the siphons. Those of the 
Nuculanide show an interesting series of stages in 
the conversion of ciliary into tissue junctions in the 
formation of the siphonal tubes‘. In this group also 
the exhalant and inhalant siphons are united to one 
another ; but not in the other two, where they are 
free throughout. Those of the Tellinacea are con. 
spicuous for their length and mobility in connexion 
with the deposit-feeding habits of this group (now 
being studied) ; those of the Anatinacea are shorter 
but, at any rate in Thracia’, are capable of temporary 
extension during the formation of mucus-lined 
passages from the posterior end of the animal through 
the substratum to the surface. In all, the siphonal 
openings are lobed or bear a single row of short 
tentacles. 

The second type of siphon, in which the inner and 
middle lobes are concerned, (B), is the most common. 
It occurs in such widely distributed genera as Cardium, 
Venus, Venerupis (Paphia) and Ensis. The united 
siphons are usually relatively short and are fringed 
by a common row (or rows) of tentacles from the 
middle lobe (2). The inner lobe (3) is represented 
around the inhalant opening by an inner row of 
larger, more mobile and usually inwardly arching 
tentacles which serve as strainers. In the exhalant 
siphon it forms a membrane which confines and directs 
the water current. 

In the third type, (C), the siphons are also invariably 
fused and similarly fringed with tentacles and with a 
membrane round the exhalant opening, for example, 
in Alvidis*. But here the inner margin of the outer 
lobe which secretes the periostracum is also involved, 
so that this protective covering is continued almost 
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Fig. 2. DIAGRAMMATIC LONGITUDINAL SECTIONS SHOWING FORMA- 
TION OF SIPHONS: (A) WHERE INNER MANTLE LOBES ALONE 
FUSED; (B) WHERE MIDDLE LOBES ALSO FUSED: (C) WHERE 
SIPHONS COVERED WITH PERIOSTRACUM DUE TO FUSION OF GROOVES 
SECRETING THIS; (D) WHERE ALL LOBES COMPLETELY FUSED 
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to the tip, just short of the common ring of tentacles. 
This condition is found in the Mactridex, the Lutrariidz 
(Lutraria, as will be shown in a forthcoming paper, is 
really a Spisula or Mactra specialized for deep burrow- 
ing), the Myide (including Aloidis) and the Hiatellide. 
By providing protection for the siphons, this condition 
might be thought to have arisen in direct connexion 
with deep burrowing, as in Lutraria, Mya and 
Panomya (Panope). But genera allied to the three 
of these, namely, Spisula, Aloidis (Corbula) and 
Hiatella (Saxicava) respectively, have only short, or 
relatively short, siphons which are similarly pro- 
tected. It would, therefore, appear that acquisition 
of this type of siphon is a necessary preliminary to 
that of the other modifications associated with deep 
burrowing. As will be shown in detail later, the 
general similarity between Lutraria, Mya and Pan- 
mya must be attributed to convergence. 

The final stage in siphonal formation, (D), is repres- 
ented in the Cuspidariidz (Septibranchia)’, where the 
siphons lie within a posterior tubular extension of 
the shell due to the complete fusion of the outer 
mantle lobes. 

C. M. YoncE 
University, Glasgow, 
and 
Marine Biological Laboratory, 
Millport. 
Oct. 14. 
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Aspects of the Locomotion of Whales 

In an article in Nature of January 10, p. 44, Mr. 
R. W. L. Gawn, superintendent of the Admiralty 
Experimental Works, Haslar, has directed attention 
to the possibility that an investigation of the pro- 
pulsive mechanism of large whales might result in the 
design of faster submarines. In this connexion the 
results of work carried out in this Department may 
be of interest. ; 

(1) In order to drive a large whale at its maximum 
observed speed against a resistance equal to that of 
a rigid model when towed at the same speed, the 





output of power from each pound of muscle need not 

as pointed out by Mr. Gawn—be greater than that 
characteristic of other types of mammalian muscle. 
On the other hand, a dolphin travelling at well- 
authenticated speeds would, if its resistance is equal 
to that of a rigid model, require an output of power 
at least six or seven times that attributed to the 
muscles of a well-trained athlete or dog'. The differ- 
ence between the whale and the dolphin is largely, 
if not solely, due to the fact that the amount of 
available muscle increases with the cube of the body- 
length, whereas the surface resistance increases only 
with the square. If the maximum output of useful 
work per pound of muscle of a 60-ft. whale and a 
6-ft. dolphin is the same, and if the whale’s maximum 
speed is 20 m.p.h., then the dolphin’s speed should 
not exceed 9 m.p.h.—a figure far below that actually 
observed. As a submarine, the dolphin, rather than 
the whale, forms a more obvious and perhaps easier 
subject for investigation. 
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(2) There seems no reason tc believe that the form 
or surface of an inert whale, dolphin or fish endows 
the body with a resistance substantially different 
from that of a well-streamlined object of comparable 
size and speed ; the observations of Kempf and New? 
and of Richardson* establish this fact for dead 
specimens of pike, herring and mackerel, and quite 
recently I have found that a similar drag coefficient 
applies to a living fish by observing the rate of 
decrease of its speed during the passive glide which 
frequently follows a burst of active swimming. By 
following the course of the glide and knowing the 
speed at which it starts, it is possible to calculate 
the initial output of energy. For a 20-cm. trout, this 
was found to be approximately 0-4 gm./metres/sec./ 
gm. of body-weight. The significance of this figure 
lies in the fact that it is almost identical with that 
obtained by Houssay‘* for considerably larger trout 
the maximum output of power of which was assessed 
by their ability to raise relatively large weights at 
low speeds. There is, therefore, no difficulty in 
accounting for the performance of small fish, at least 
so far as their behaviour in the laboratory is concerned. 

(3) When we compare the performance of a 20-cm, 
trout with that of a salmon, we are in the same 
dilemma as when we compare the behaviour of a 
large whale with that of a dolphin. If we endow 
each gram of the muscles of the salmon with the 
same output of power as that of the trout, and assume 
that its resistance—like that of the trout—is equal 
to that of a rigid model of comparable size and speed, 
the. maximum speed of the salmon should not exceed 
7 or 8 m.p.h. If, as many anglers believe, salmon 
can travel at 15-20 m.p.h., they must, like the dolphin, 
either have remarkably powerful muscles, or have a 
very low surface resistance. 

The data at present available can only be harm- 
onized by one of three assumptions: (a) the speeds 
often attributed to large fish have been very greatly 
exaggerated ; (b) the output of power from the 
muscles has been greatly under-estimated ; (c) the 
resistance of an actively swimming fish is sub- 
stantially lower than that which operates when the 
animal is gliding passively through the water. Before 
it is possible to determine the significance of the first 
of these factors, we require much more reliable data 
concerning the maximum speeds of fish of known 
size. Anglers tend to exaggerate the speed at which 
a line is running out from a small reel, just as they 
over-estimate the tension in the line. On the other 
hand, in the laboratory we may be working with 
fish which are not in a particularly good state of 
hthletic fitness ; we may also be making a mistake in 
assuming that the output of power from mammalian 
muscle cannot be substantially greater than 0-01 h.p. 
per lb.—a point recently stressed by Dr. D. A. Parry. 

(4) A detailed study of the propulsive mechanism 
of any aquatic animal obviously presents very difficult 
hydrodynamical problems, and it is perhaps impertin- 
ent for a biologist to suggest any particular line of 
approach. Nevertheless, it seems legitimate to stress 
the fact that the surface of an actively moving fish 
differs from that of a rigid model in two funda- 
mental respects: (a) the tail and caudal fin are 
oscillating from side to side; (b) the aspect which 
the fin presents to the water is partly determined by 
mechanical forces. Until the flow past such surfaces 
has been considered in detail, it seems dangerous to 
assume that the resistance of a swimming fish is the 
same as that of a rigid model. Observation of 
appropriate models indicates that the flow of water 
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past the surface of an active fish is totally different 
from that of a rigid surface ; the water flows smoothly 
past the undulating surfaces and is subjected to well- 
defined acceleration. It would be significant if a 
flow of this type tended to reduce turbulence. 
Similarly, it would be of great value to know more 
about the propulsive effect, considered by Garrick‘, 
of an actively oscillating surface hinged to the hinder 
edge of an aerofoil. If the flow past the body of an 
actively swimming salmon proves to be laminar, we 
can accept Houssay’s estimate of muscle-power with- 
out asking anglers to believe that the fish cannot 
travel at 20 m.p.h. 

The object of these comments is not, in any way, 
to detract from the value of further information con- 
cerning the propulsive powers of large whales or the 
hydrodynamical properties of rigid surfaces, but to 
emphasize the peculiar importance of studying forms, 
such as the dolphin, where the ratio of body surface 
to muscle weight seems to render them much more 
impressive models of submarine design. At the same 
time, the situation seems likely to remain obscure 
until we know a great deal more about the hydro- 
dynamical properties of oscillating surfaces, and have 
been able to measure the forces operating against 
the body of a living or model fish in a water channel. 
The whole problem seems to present an admirable 
opportunity for co-operative effort. The results of 
such an inquiry might or might not lead to the 
construction of faster or more efficient submarines ; 
but in so far as they enabled us to measure the 
propulsive thrust of a fish’s tail, they would have a 
very direct bearing on the design of efficient fish 
passes for salmon. 

J. Gray 

Zoological Laboratory, 

Cambridge. 
Jan. 20. 
* Gray, J., J. Exp. Biol., 13, 192 (1936). 
* Kempf, G., and New, W., Z. wise. Zool., 17, 353 (1932). 
* Richardson, E. G., J. Exp. Biol., 13, 63 (1936). 
ae: F., “Forme, Puissance et Stabilité des Poissons” (Paris, 
* Garrick, T. E., Nat. Adv. Com. Aero. Report 567 (1936). 


Mr. Gawn has revived interest in Gray’s' demon- 
stration that the drag of a fast-moving small whale, 
treated as a rigid body, seems to demand far more 
power than its muscles could supply, even if the 
propulsive efficiency were 100 per cent. Clearly, the 
assumptions underlying the evaluation of the equa- 
tion 


drag x speed 


muscle power propulsive efficiency 

need reconsidering. We have recently published some 
work? which considers two of the factors: muscle 
power and propulsive efficiency. 

(1) Muscle Power. Mr. Gawn follows Gray in 
using 0-01 h.p./Ib. as the maximum mechanical 
power output of muscle—a figure based on the ex- 
ternal work done during a 15-min. maximum effort 
by a rowing crew. But muscle-power cannot be 
expressed as a simple function of size, without taking 
into account the conditions under which the muscle 
is working, and in particular the rate of fatigue and 
muscular efficiency. Thus a man working a bicycle 
ergometer at maximum muscle efficiency can develop 
more than 0-02 h.p./Ib. (from data given by Dickin- 
son*) until the accumulating oxygen-debt ends the 
activity ; while greater power still can be developed 
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during a single flexion of the arm against a suitable 
load. This suggests that an animal capable of a 
higher rate of oxygen intake than man might de. elop 
greater power for a given time, or a given power for 
a greater time. We have suggested that the respira. 
tory adaptations which enable whales to discharge 
their oxygen-debt quickly after long dives may also | 
enable them to maintain an unusually high oxygen 
intake, and therefore power-output, when they are 
swimming near the surface and can blow frequently, 
This idea is supported by Scholander’s‘ observation 
on & porpoise that both the vital capacity (relative 
to man) and the absorption constant were greater 
than in man. As for muscle efficiency, it is quite 
possible that the efficiencies achieved by man with 
the help of well-designed machines may occur in 
whales during normal locomotion, because the load. 
‘ing of their muscles will be high and the rate of con. 
traction low. 

(2) Propulsive Efficiency. We have shown that the 
swimming movement consists of a vertical oscillation 
of the tail (that is, region posterior to the dorsal fin) 
and’a continuous adjustment of the angle of attack 
of the flukes to give a forward thrust throughout 
the tail cycle. The dynamics of such a system have 
been worked out assuming the flow around the 
flukes to be stable ; but the efficiency then obtained 
is improbably low and indicates the need for further 
work, observational (particularly on the relation 
between forward speed and oscillation frequency) 
and experimental. The comments of a marine 
engineer on this method of under-water propulsion 
would be of great interest. 

We believe that the other problem raised by Mr 
Gawn—heat loss—is much less difficult. Blubber is 
fundamentally similar to a terrestrial mammal’s skin, 
and blood vessels run through the thick fat layer 
(hypodermis) to form a plexus and capillary loops 
a few millimetres from the surface. Control of the 
flow of blood through these vessels would provide 
for a considerable range of heat loss. Indeed, the 
problem is how to keep warm rather than how t& 
lose excess heat, for we have shown that heat loss 
by conduction through the blubber alone is such that 
a 14-cm. layer would be needed to reduce basal 
metabolism to the level characteristic of most 
mammals. Perhaps most whales need to keep 
swimming in order to keep warm. 

D. A. Parry 

Zoological Laboratory, 

Cambridge. 
Jan. 20. 
' Gray, J., J. Exp. Biol., 13, 192 (1936). 
* Parry, D. A., Thesis for Ph.D. Degree, Cambridge (1947). 
* Dickinson, S., Proce. Roy. Soc., B, 108, 225 (1928). 
* Scholander, P. F., Hvalrad. Skr., No. 22 (1940), 


Bacterial Flagella and Motility 


dark-ground microscopy with the 
light-source, motile bacteria, when swimming fast, 
show a tail, as in the top left-hand photograph 
reproduced. This tail is occasionally seen to untwist 
into a number of wavy threads which appear to 
remain attached to the periphery of the bacterial 
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body for a while and then float away'**. When 
such preparations are dried, the wavy threads can 
be stained with so-called flagellar stains, and hitherto 
they have been regarded as ‘flagella’ or motor-organs. 
Motility of bacteria is thought to be due to activity 
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of these threads, either by themselves or twisted into 
a tail. Sunlight dark-ground studies of several kinds 
of motile bacteria under various conditions have con- 
vinced me that motile bacteria are not rods, but that 
they are spiral-shaped, and that they propel them- 
selves by a gyrating, undulating movement of their 
bodies. Flagella or motor-organs, therefore, appear 
superfluous*-*. 

This suggested that the wavy threads, constituting 
the tail, might not be flagella. The undulating, 
gyrating movement of the body may spin the outer 
slime covering of bacteria into a tail, which is dragged 
along by the body. There always is a good deal of 
to-and-fro movement as well. Aided by micellar 
structure of the mucus, this continuous spinning will 
result in a tail consisting of a number of wavy slime 
threads. If these conceptions are correct, the tail 
must behave passively, whatever happens to the 
bacterial body. 

The gyrating, undulating motion of bacteria can 
suddenly go into reverse. If this is done at high 
speed, the momentum of the body will drive it on_in 
the direction in which it was going ; but the bacterium 
may then perform a semi-somersault and the rear 
end will suddenly become the front end. Such a 
semi-somersault will leave a passive tail more or 
less where it was, in space, the body performing its 
semi-somersault independently. This is just what 
happens. 

The accompanying reproduction shows fifteen 
enlarged consecutive pictures of a 16-mm. film made 
to illustrate bacterial movement*. They show, from 
upper left to bottom right, a typhoid bacterium 
performing a semi-somersault. Its body goes through 
a clockwise half-turn, the front end becoming the 
rear end. (It could not be kept in perfect focus, the 
whole movement taking less than a second.) The short 
body radiated too much light (this was necessary to 
bring out the faint tail) and so there is no spiral 
shape visible. It is clear that the bacterial body 
first moves forward with a straight tail, that the 
forward movement comes practically to a stop while 
the semi-somersault is performed, and that the tail 
remains practically where it is and does not take part 
in the semi-somersault. As soon as the semi-somer- 
sault is ended, forward movement is resumed, and 
the tail is dragged on again. 

My interpretation is that during the semi-somersault 
the wavy threads, which constitute the mucous 
covering and the tail, perform a sliding movement 
past one another, thus giving the bacterial body 
sufficient freedom to perform its semi-somersault 
without interfering with the appearance of the 
tail. 

[If the tail consisted of flagella or motor-organs, 
attached all over the body, twisted into an active 
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tail at the end, and yet governing the 
motion of the body, it becomes difficult, if 
not impossible, to imagine how such 
organs could bring about the phenomenon 
illustrated. 

The film mentioned above contains 
several instances of such semi-somersaults 
with identical behaviour of the tail. The 
one reproduced here had the special 
virtue of going through its stages at a 
relatively low speed. These observations 
provide a strong argument in favour of 
my view that what are traditionally re- 
garded as active bacterial flagella really 
are passive mucous twirls, and that motile 
bacteria move by means of gyrating, undulating 
movements of their bodies. 

ADRIANUS PIJPER 

Institute for Pathology, 

University of Pretoria, 

South Africa. 

Oct. 10. 


' J. Path. Bact., 47, 1 (1938). 

* J, Biol. Phot. Assoc., 8, 158 (1940). 
*J. Path. Bact., 68, 325 (1946). 

*J Ract., 63. 256 (1947). 


Elminius modestus: Another Imported Pest 
of East Coast Oyster Beds 


THE barnacle Elminius modestus Darwin was known 
only from the southern hemisphere until, less than a 
year ago, Bishop reported its presence at Chichester 
and probably at Harwich’. Further details of its 
present known distribution are given by Crisp and 
Chipperfield?. It is now abundant in the estuaries 
of the Crouch, Roach and Blackwater, and at Whit- 


stable. The multiplication of the American pests, 
Crepidula fornicata* and Urosalpinx cinerea‘, had 
already affected these famous oyster-producing 


grounds, before the greater part of the stocks there 
were wiped out in the severe winter a year ago. The 
presence of Elminius in very great numbers will tend 
to retard recovery. 

Dense populations of large individuals occur at 
landing stages, such as the ex-Admiralty pier at 
Burnham-on-Crouch and the Seasalter Oyster Com- 
pany’s. quay at Whitstable. On most shores the 
equally dense communities consist of small individuals 
derived from this year’s settlement. The present 
distribution of Elminius therefore suggests that it is 
a comparatively recent introduction from ships’ 
fouling, and shows clearly that it multiplied enorm- 
ously last summer. In this area it is now more wide- 
spread than any British species of barnacle, and it 
occurs in some places, such as the beach at Maldon, 
where native barnacles appear to be absent. Between 
tide-marks on most shores it is the dominant barnacle, 
and it extends from the sub-littoral zone almost to 
high-water mark of neap tides. Its upper limit 
roughly coincides with that of Balanus balanoides. 
In the lower part of the tidal zone and below tide- 
marks it meets with severe competition from B. 
improvisus. Surfaces which were already thickly 
populated by B. improvisus escaped settlement by 
Elminius last summer, but most bare surfaces did 
not. Last year Elminius settled abundantly on 
periwinkles and on Whitstable mussels, forming 
encrustations which will be still heavier this year 
when the barnacles have grown. It has even settled 
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on winkles from the Blackwater mud flats. Winkles 
from such localities are remarkably free from native 
barnacles, and West Mersea fishermen have already 
received complaints from dealers about the barnacles, 
for the trade prefers clean winkles and is accustomed 
to getting them. 

Barnacles are regarded as a nuisance by oyster 
dredgermen, who often have to spend much time 
scraping oysters for market. The Roach Co. has been 
troubled this year by a particularly dense settle- 
ment of B. improvisus, which occurred near Pagles- 
ham. Himinius is potentially more harmful, because 
of its long season of attachment. Native barnacles 
settle mainly in spring before the season of oyster 
spatfall; but nevertheless heavy settlements of 
Balanus crenatus on the relaying grounds of the 
Ministry of Agriculture and Fisheries in North 
Wales have smothered large numbers of oysters, 
nine and ten months old, by forming a continuous 
sheet of barnacles over them. EZiminius continues 
to settle heavily during and after the oyster spat- 
fall, and so competes more keenly with the young 
spat than any native barnacle. Smooth slates ex- 
posed for varying periods on an oyster ground one 
mile below Burnham, at a depth of 3 metres at low 
water, became covered with Elminius to a density 
of 10-30 per sq. cm. during a week’s exposure in 
late July. Settlement continued throughout August 
and September, and a settlement of more than 13 per 
sq. cm. occurred between September 16 and October 6. 
Oyster spat survived for some time among the 
crowded barnacles, and grew over and smothered 
those in the immediate neighbourhood. In the process, 
however, they became misshapen and stunted. On 
October 6 the dorso-ventral diameter of twelve such 
spat on a concrete block ranged from 4 mm. to 9 mm. 
with an average of only 5-7 mm., whereas thirteen 
spat in a similar situation at Paglesham, where they 
had plenty of room for growth, ranged from 8 mm. 
to 18 mm. with an average of 12 mm. The evidence 
from tow-nettings and spatfall on test collectors 
suggests that both batches of spat settled at the end 
of July. Differences in water temperature and 
density of nannoplankton between Burnham and 
Paglesham were not marked, so the poor growth of 
the twelve spat was probably due to severe com- 
petition with Elminius. By December 8 they were re- 
duced to five, and their chance of survival is small. 

The introduction and establishment in British 
waters of this barnacle present new problems, to 
which, at present, no solution is in sight. It is known 
to be prolific and hardy'.*.*, and may be expected 
to spread rapidly, for it is already the dominant 
fouling organism on yachts and barges in this area. 
It is established, but not yet common, on oyster 
grounds in the Helford River, Cornwall. If intro- 
duced into France and Holland it is likely to be 
particularly troublesome to the oyster cultivators 
there, who use artificial spat collectors exposed at 
low tide. 

E. W. Kyieut Jones 
Ministry of Agriculture and Fisheries, 
Burnham-on-Crouch, 
Essex. 
Jan. 14. 


* Bishop, M. W. H., Nature, 159, 501 (1947). 

* Crisp, D. J., and Chipperfield, P. N. J., Nature, 161, 64 (1948). 

* Orton, J. H., Nature, 117, 304 (1926). 

*Cole, H. A., J. Mar. Biol. Assoc. U.K., 25, 477 (1942). 

* Moore, Lucy B., Trans. Proc. Roy. Soc. N.Z., 73, 315 (1944). 

* Darwin, C., “A Monograph of the Subclass Cirripedia”, 2, Balanide, 
345 (London: Ray Society, 1854). 
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Shrinkage of Animal Cells Due to Fixatives 


Cuorce of fixative is a very important factor i; 
the study of cytology as well as pathology. It h 
been known for years that wax sections of cells sh: 
some shrinkage, and the critical period for th 
change was supposed to be during dehydration anc 
dealcoholization. That is why several modificatio 
of dehydrating and clearing agents have been su 
gested and tried. No attempt has been made | 
find whether the entire amount of shrinkage 
brought about by alcohols and clearing oils, 
whether fixatives are also responsible to a certain 
extent. Medawar has studied penetration of fixatives 
I have endeavoured to find out how far fixatives 
contribute to the shrinkage of cells during the period 
of fixation. 

Four fixatives, one from each of the main groups 
of fixatives, were tried: Bouin from the picric acid 
group, Da Fano from the silver group, Flemming 
without acetic acid from the osmic group, and Zenke1 
Helly from the dichromate group. The following 
concentrations were used. 


Bouin Sat. solution of picric acid 


in water 

Commercial! formalin 25 

Glacia] acetic acid 5 
Da Fano 1 per cent cobalt nitrate 100 

Neutral formalin 10 
Flemming without acetic acid 1 per cent chromic acid 15 

2 per cent osmic acid 4 
Zenker-Helly Potassium dichromate 2} gm 
Sodium sulphate 
Corrosive sublimate : 
Distilled water 100 c.« 
Formalin i 


Frog ovary was chosen as experimental material, 
because it was conveniently available and also the 
eggs are circular and easy to measure, A sample of 
eggs was picked up from the ovary and was kept in 
a cavity slide in Ringer’s solution. Each egg was 
then measured. The solution was later on sucked off 
and the required fixative was introduced in the 
cavity of the slide and covered with a cover glass. 
One similar sample was kept in the Ringer’s solution 
as control. The eggs were remeasured after two hours 
and the difference in measurement of the respective 
individual egg was noted. 

This method can have two obvious objections : 
(1) in a cavity slide the quantity of fixative is very 
small; (2) two hours is not sufficient for fixation. 
To meet these objections, several small samples of 
five to six eggs each were taken. The eggs were 
measured individually and kept in liberal quantities 
of fixatives. The respective eggs were measured 
after two hours and then after the usual period appro- 
priate to each fixative, namely, 18 hours for Da Fano, 
18 hours for Flemming without acetic acid, 12 hours 
for Zenker-Helly and 24 hours for Bouin. 

Egcs kept in Ringer’s solution for two hours did 
not show any change in their diameters, although 
some of them died. The eggs kept in liberal quantities 
of fixatives and measured after two hours did not 
show any further change in diameters after the usual 
period of fixation. Also they did not show any 
divergence from the change shown by the cavity slide 
samples, although it was obvious that fixation in the 
cavity samples was very poor. The samples con- 
tained eggs measuring 0-1—1-0 mm. in diameter. The 
measurements were taken to the second place of 
decimals ; but in the final tabulation 0-05 and any 
figure above was taken as 0-10, while anything less 
than 0-05 was taken as 0-00. 
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..++, Flemming without acetic acid 


The frequency distribution diagrams on log sectional 
paper show that the samples taken were not abnormal. 
Diagrams showing the average shrinkage indicate that 
shrinkage increases with the size of the egg. The 
smallest eggs showed almost negligible shrinkage, 
while in the larger ones it was considerable. The 
eggs of moderate size also showed a fair amount of 
change in their dimensions. An interesting point was 
that in Flemming without acetic acid the eggs swelled 
up and their diameters increased, although the swell- 
ing was less than the shrinkage caused by the other 
fixatives. Curves of percentage change in dimensions 
show that of all the four fixatives Flemming without 
acetic acid seems to be the least harmful; for the 
highest point on its curve is near the lowest point 
of other curves. 

DaYA KRISHNA 
Zoological Laboratory, 
University o° Cambridge. 


The Iron Alum Acetocarmine Method 
for Alge 


THE chromosomes of many Alge have been found 
dificult to stain by the ordinary acetocarmine 
method. Where staining takes place, it is seldom deep 
enough in colour. The addition of ferric acetate or 
other ferric salts to the carmine solution, or rubbing 
together of steel needles in it, brings about only 
slight improvement, if any, as observed by Baker’. 

However, the use of iron alum as a mordant on 
previously fixed material, preceding the acetocarmine 
treatment, brings about a totally different effect. It 
has been shown? that chromosomes strongly absorb 
iron from an iron alum solution. They absorb more 
than other parts of the cell. This, it is thought, must 
be of importance. With many Algz, a few minutes 
or less in a weak solution of iron alum, followed by 
rapid washing in water, is sufficient for the formation, 
on addition of acetocarmine, of a dense blue-black 
colour, presumably ferric carmine lake. This is 
rapidly dissolved on heating the preparation when 
covered with a coverglass, but remains longest in the 
chromosomes, nucleoli and ‘chromocentres’. Thus 
differentiation is brought about. The lake gives a 
beautifully precise dark red to purple-black stain, 
and if the degree of mordanting is well adjusted 
‘ther parts of the cell are only faint pink or scarcely 
stained. Such preparations are readily made into 
permanent mounts in ‘Euparal’ or Canada balsam in 
the usual way. If the coverglass is floated off in 





NATURE 








203 


95.per cent alcohol there is no loss of stain. Prepara- 
tions which have been kept for two years show no 
fading. 

That the ferric carmine lake can be formed in this 
way is contrary to the statement of Baker (ref. 1, 
p. 155), “the lake cannot actually be formed in 
strongly acid solution’. The strength of the acetic 
acid solution in which the lake appears by the method 
described above is something less than 45 per cent, 
due to dilution of the carmine by the small amount 
of water placed on the slide with the washed algal 
material : nevertheless this dilution cannot be great. 
Unless the material has received only a rapid dip 
in dilute alum solution, there is always an excess of 
lake to be dissolved away, and it may be necessary 
to add acetic acid to complete the differentiation. 

The contrast with ferric hematoxylin lake is 
marked when aceto-hzmatoxylin is used instead of 
carmine, after mordanting. On heating, a beautifully 
differentiated hzematoxylin stain results, but this is 
quite transitory. When the permanent balsam 
mount is made, even after repeated blueing, the 
colour generally fades within 12 hours. 

Other metallic salts, including copper, lead and 
aluminium, have been tried as mordants. Even 
other ferric and ferrous salts are, however, apparently 
less satisfactory than iron alum. 

The advantages of the method when used with 
Alge are several. It is rapid, a permanent mount 
being possible within 30 min., starting from fresh 
material. It can be used following any fixative. 
Obstacles to the view of the nucleus are readily 
removed; for example, chlorophyll by fixation with 
2 parts of glacial acetic acid to 1 part of 95 per cent 
alcohol, starch by heating. Not least is the absence of 
shrinkage, another consequence of heating under a 
coverglass. Collapse of the cells in xylol is a familiar 
nuisance when mounting filamentous forms. It is 
suitable for class-work, when a permanent mount is 
often unnecessary, for example, for demonstrating 
the number of nuclei in algal cells. It is equally 
good for archegonia and antheridia of fern prothalli 
and has been successfully used on fungi. A disad- 
vantage from the research worker’s point of view 
is its frequent failure after wax embedding. 

A detailed schedule of treatment will be included 
in a forthcoming paper on the nucleolus and nucleolar 
organisers in Spirogyra. 

M. B. E. Gopwarp 

Botanical Department, 

Queen Mary College, 

London. 
: Gabe, J R., “Cytological Technique”’ (Methuen, London, 2nd edit. 
2). 
* Seki, M., Fol. Anat. Jap., 11, 15 (1933). 


Amphibian Tissue Cultures for Biophysical 
Research 


CuLTuRES of embryonic chick tissue have been 
successfully used for many types of cytological 
research and have proved admirable material for 
biophysical investigations into the mechanism of 
mitotic cell division'. Unfortunately, however, chick 
fibroblasts in vitro are not very suitable for detailed 
observations on living chromosomes owing to the 
small size and relatively large number of chromo- 
somes in the fowl. 

Previous investigations** indicated that amphibian 
cells might prove to be more suitable material for 
such studies. After some preliminary experiments, a 
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METAPHASE GROUP IN NEWT FIBROBLAST. 
SPLIT IN CHROMOSOMES IS CLEAR AT THIS STAGE. 


convenient method has been developed for cultivating 
various tissues and organs of adult frog (Rana 
temporaria), newt (T'riturus vulgaris) and tadpoles of 
Xenopus levis in hanging-drop preparations. Ex- 
plants of Rana testis produce a broad outgrowth of 
fibroblasts which divide readily and survive without 
subcultivation for a period of two weeks, and. longer 
if the tissue is transferred to a fresh medium. The 
cells are 40-50u in length and the chromosomes 
about 20 (2n 26). 

The limb and kidney of Xenopus levis tadpoles 
give a good growth of fibroblasts after subcultivation. 
These cells have remarkable powers of flattening on 
the coverslip, and the cytoplasm is free of granules. 
This condition makes them very suitable for optical 
studies. The cells are of the same size as those of 
Rana temporaria and 2n 36. Fibroblasts from 
liver cultures of adult newt Triturus vulgaris are 
80 u in length and the chromosomes 20-30 » in length 
(2n = 26). 

In collaboration with Dr. A. F. W. Hughes, 
a cinematographic analysis of the mitotic pro- 
cess is being made in cultures of Rana temporaria 
by means of phase-contrast illumination. In the 
films the chromosomes are very clear from early 
prophase to late telophase. The separation of 
daughter chromosomes is also visible at magnifica- 
tions greater than 500, and reconstitution of the 
nuclear membrane shows some new features. A full 
account of the results will be published elsewhere. 
It is also proposed to use this material for studies 
with the ultra-violet and electron microscopes. 

I wish to express my appreciation of the help and 
advice given to me by Dr. H. B. Fell, director of the 
Strangeways Laboratory, where with the generous 
provision of facilities the work has been carried out. 
I am also indebted to Prof. J. T. Randall, who 
suggested this investigation, and to the Department 
of Scientific and Industrial Research for a mainten- 
ance grant. 

M. M’E. Preston 
Wheatstone Physics Laboratory, and Medical 
Research Council Biophysics Research Unit, 
University of London, King’s College, 

London, W.C.2. Sept. 29. 
' Hughes, A. F. W., and Swann, M. M., J. Ezp. Biol. (in the press). 
* Demerec, M., Univ. Penn. Bicent. Conf. Philadelphia (1941). 
* Holmes, 8. J., J. Bzp. Zool., 17, 281 (1914). 


* Uhienbuth, E., J. Ezp. Med., 22 (1915). 
and Callan, H. G., Proc. Roy. Soe., B, 131, 258 (1943). 


* Barber, H. N., 
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Submicroscopic Structure of the Red Cell 


In a recent paper, Dervichian, Fournet and Guinicr 


describe experiments on the low-angle scattering of 


X-rays from red blood cells'. They show that the 
scattering curve can be explained as being due to 
the superposition of two intensity distribution curv: 
one showing a regular decrease from the centre ov 
wards and the other a distinct maximum at 20 = 0-025 
radians, corresponding to a Bragg spacing of 62 A. 
The authors conclude from the latter that the hem 
globin molecules in the red cell are not distribute: 
at random, but that a certain mean distance between 
neighbouring molecules is frequently realized. Th: 
results are the more interesting, since the scatt: 
ing effects observed can be predicted from the 
molecular dimensions of hemoglobin and its con. 
centration in the red cell, as will be shown 
below. 

The normal red cell is not birefringent. Individual 
hzmoglobin molecules, on the other hand, are strongly 
anisotropic, and it seems probable, therefore, that 
the hzemoglobin molecules in the red cell have com- 
plete freedom of rotation. We know from single. 
crystal X-ray analysis that hemoglobin molecules 
(of horse) can be regarded as circular cylinders of 
57 A. diameter and 34 A. height*. The cylinders 
are known to be enclosed in a monomolecular envelope 
of ‘bound water’ 3 A. thick, which brings the corre 
sponding dimensions of the hydrated cylinders to 
63 A. and 40 A. respectively. If the hemoglobin 
molecules have complete freedom of rotation, their 
effective shape will correspond to that of the smallest 
sphere into which the hydrated cylinders can be in- 
scribed. The diameter of this sphere is 1/63? + 40° 
74-5 A. 

Considering the large size of the molecule, the con- 
centration of hemoglobin in the red cell is astonish- 
ingly high (34 per cent), which suggests that the 
molecules may be arranged in some form of close- 
packing. A 34 per cent solution contains 3-35 x 10" 
molecules per ml.,° giving a volume per molecule 
Vin 298,000 A.?*. Assuming close-packing, the 
average distance between the molecules will be 
*/4V m/V2 = 715A. Alternatively, the inter-particle 
distance found from the position of the diffraction 
maximum observed by Dervichian, Fournet and 
Guinier by using the expression for a close-packed 
AV 3/2 _ 
2 sin 6 
closely with both the calculated inter-molecular 
distance and the effective molecular diameter derived 
above. Thus, provided we assume the hemoglobin 
molecules in the red cell to be close-packed, the inter- 
molecular distance calculated purely from the mole- 
cular weight‘ of hemoglobin and its concentration in 
the red cell agrees with the distance calculated from 
the observed diffraction ring; and, moreover, this 
distance is the same as the effective diameter of the 
freely rotating molecules, derived from X-ray analysis 
of crystalline hemoglobin. 

This close agreement lends strong support to the 
picture of freely rotating molecules arranged in 4 
close-packed lattice. On the other hand, the appar- 
ently diffuse nature of the first diffraction ring, 
together with the absence of higher orders, indicate 
that three-dimensional regularity within the corpuscles 
cannot extend over more than a very small number 
of unit cells at the most; and Dervichian, Fournet 
and Guinier’s description of the arrangement as inter- 
mediate between the order in a solid crystal and 


liquid’ is d’ 75 A.; this value agrees 
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complete disorder in dilute solution therefore seems 
very appropriate. 

The degree of regularity may perhaps be compared 
to that in a liquid metal, where each metal ion is 
surrounded on the average by twelve nearest neigh- 
bours arranged in close packing, but where the prob- 
ability of finding any metal ion at the ‘close-packed’ 
distance from any other is high only in the case of 
nearest neighbours and becomes negligibly small when 
third or fourth nearest neighbours are considered. 
Thus we may conclude that despite the existence of 
short-range order, the hemoglobin molecules in the 
red cell are suspended in true solution. This view 
is supported by the recent finding that the kinetics 
of the reaction CO + O,Hb = COHb + O, are the 
same in the red cell and in cell-free solution’. 

The arguments presented above have some interest- 
ing biological implications. Clearly, from the point 
of view of its functional efficiency as an oxygen 
carrier, the red cell should combine maximum oxygen 
capacity with high speed of reaction and diffusion 
of oxygen through the cell. The greatest possible 
oxygen capacity would be provided by hemoglobin 
crystals, which are known to have a hemoglobin 
concentration of 55 per cent‘ and through which 
oxygen car. actually diffuse. On the other hand, the 
speed of reaction would probably be low in an 
arrangement where both the position and the orienta- 
tion of the molecules are fixed, and the rate of diffusion 
might be hampered by the narrowness of the channels 
between the molecules in the crystal lattice. It seems 
likely, therefore, that freedom of rotation of the 
hemoglobin molecules and the absence of a three- 
dimensionally continuous lattice are needed to ensure 
high rates of reaction and diffusion. In that case 
34 per cent is the highest concentration which 
is compatible with these conditions, since it leads to 
an average distance of approach between freely 
rotating molecules which is equal to their effective 
diameter. Any further increase in concentration 
would lead to mutual hindrance in the rotation of the 
molecules, and would be likely to affect the reaction 
rates. 

Our calculations show that close-packing of the 
molecules is, in fact, an inevitable consequence of the 
high hemoglobin concentration. If the molecules 
were arranged at random, their mean distances would 
have to be greater than 75 A., with the result that 
a hemoglobin concentration of 34 per cent could 


not be achieved. 


No. 4084 


M. F. PERvutz 
Cavendish Laboratory and 
Molteno Institute, 
Cambridge. 
' Dervichian, D. G., Fournet, G., and Guinier, A., C.R. Acad. Sci 
Paris, 224, 1848 (1947). 
* Boyes-Watson, J., Davidson, E., and Perutz, M. F., Proc. Roy. Soc., 
A, 191, 83 (1947). 
* Roughton, F. J. W., Amer. J. Physiol., 143, 609 (1945). 
* Perutz, M. F., Trans. Farad. Soc., 42 B, 187 (1946). 
* Randall, J. T., “The Diffraction of X-Rays by Amorphous Solids, 
Liquids and Gases” (London, 1934). 





Weight of the Rat Thymus 

RECENT work involved accurate weighing of the 
thymus glands of young (6-12 weeks old) hooded 
Lister rats of both sexes. It became evident that 
great care was essential in dissecting out the thymus 
because of the risk of including one or more lymph 
nodes in the tissue taken for weighing. In rats 
of this age, mediastinal lymph nodes are occasion- 
ally difficult to distinguish from part of the thymus. 
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One or more of these nodes is usually found on each 
side of the thymus and is visible from the front on 
opening the thorax. Identification is simple when 
the nodes lie apart from the thymus; but when they 
are welded by connective tissue to the thymus, and 
the symmetry of the sides of this organ is not altered, 
confusion may arise. 

Close inspection by naked eye or hand lens may be 
required to distinguish a node from the thymus. 
Typically, the surface of the node is slightly granular, 
being marked by the tiny bulges of many follicles. 
This is in contrast to the smooth, homogeneous sur- 
face of the thymus. A line of cleavage can usually 
be made between a node and the thymus by blunt 
dissection. Further, a node pressed between the 
blades of a pair of forceps feels harder and more 
‘rubbery’ than the thymus. The presence of follicles, 
however, invariably indicates a node, and the pressure 
test, which would distort the tissues and interfere 
with subsequent microscopical examination, is not 
required in practice. Histological examination reveals 
the interloper, but only after it is too late to assess 
the true weight of the thymus. 

The nodes can be strikingly demarcated from the 
thymus by vital staining. Intraperitoneal injection 
of 1 ml. of 0-5 per cent trypan blue (Gurr’s) in 
distilled water every alternate day for eight days 
(that is, total of four injections) causes an intense 
staining of the noces, whereas the thymus takes up 
the dye poorly. Macroscopically, the submaxillary 
lymph nodes are not stained so intensely as 
these mediastinal nodes, and the follicles of Peyer’s 
patches of the small intestine do not appear to con- 
centrate the dye at all. Further work is in progress 
on these points and on the detailed histology of the 
lymph nodes. In earlier work from this Institute! 
the procedure followed for stripping the thymus re- 
moved the relatively small mediastinal nodes from 
the weanling rats used for these experiments. But in 
my older rats examination of specimens of vitally 
stained lymph nodes adherent to the thymus indicates 
that the nodes could account for an error up to 30 per 
cent of the thymus weight if not removed. 

The thymus weight of rats is often recorded in 
experiments besides those concerned with nutrition, 
and this note is published to direct attention to the 
possibility that such observations may be seriously 
complicated if great care is not taken to free the 
thymus from the closely related mediastinal lymph 
nodes. 

The above work was done during the tenure of a 
full-time Agricultural Research Council scholarship, 

L. R. C. AGNEW 

Rowett Research Institute, 

Aberdeen. Oct. 24. 
' Richards, M. B., Nature, 158, 306 (1946). 


Brain Lactate in Emotion 

THERE are many indications that emotional 
excitement is associated with increased functional 
activity of the central nervous system. This is 
shown by the increased autonomic and motor 
activity in emotion, as also by the shock and ex- 
haustion which may follow intense emotion. Hist- 
ologists have described changes in the staining pro- 
perties of the nerve cells in emotional fatigue; but 
there is little information as to the nature of the 
underlying biochemical changes. 

Lactic acid determinations were carried out on the 
brains of young rats. The animals were killed by 
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dropping them into liquid air, which, in addition to 
killing them instantaneously, produced a rapid fixa- 
tion of the biochemical changes in the brain. It was 
found that the brain lactate in rats which had been 
frightened for four minutes by repeatedly removing 
their support gave consistently higher values (mean 
for six rats, 40 mgm./100 gm. tissue) than in normal 
resting litter-mate controls (mean, 18-7 mgm./100 
gm. tissue). Stone' has previously reported that the 
brain lactate in mice may be raised after muscular 
exercise. In the present investigation the rise in 
brain lactate in emotional excitement was still 
observed in rats in which muscular activity had 
been almost abolished by giving tubocurarine: it 
was therefore unlikely that the effect was due to 
concomitant muscular exercise. The blood content 
of the brain is too small to account for the lactate 
found in the tissue, and in any event blood lactate 
estimations in the experiments with tubocurarine 
gave comparatively low blood lactate values. It 
would appear that the observed rise in brain lactate 
is due to the increased functional activity of the 
brain in emotional excitement. 
D. RICHTER 
R. M. C. Dawson 
Neuropsychiatric Research Centre, 
Whitchurch Hospital, 
Cardiff. 
Oct. 16. 
* Stone, W. E., Biochem. J., 32, 1908 (1938) 


Starches of the Wrinkled and the Smooth Pea 


We wish to report some observations concerning 
the chemical constitution of pea starch which may 
influence current views on the part played by this 
polysaccharide in plant metabolism. The form of 
the starch grain is often characteristic of the plant 
or plant organ in which the starch is found, but in 
most of the common starch-bearing plants this 
difference in grain-form is not reflected in the chem- 
ical composition of the starch. By composition is 
meant, in this context, the relative proportions of 
the amylose (unbranched chain) and amylopectin 
(branched chain) components of the starch. Most of 
the cereal and root starches are composed of 20-30 per 
cent amylose and 70-80 per cent amylopectin. Until 
recently, the only exceptional starches which had 
been examined were those of the waxy (or glutinous) 
variety of cereals. Thus, waxy maize starch, which 
has a low gelatinization temperature and is stained 
reddish-purple with iodine (B.V. 0-10), owes these 
properties to the fact that it contains little, if any, 
amylose, being composed almost entirely of the 
branched-chain componert. 

Attention was directed to the unusual properties 
of the starch of the wrinkled pea by Hilbert and 
MacMasters', who showed that it contained a higher 
percentage of amylose (60-70) than did any starch 
hitherto examined. We have confirmed this finding 
and have shown, moreover, that the starch of at 
least one variety of wrinkled pea (Steadfast) contains 
less than 2 per cent of amylopectin. 

The starch prepared from the defatted flour of 
Steadfast wrinkled pea by separation with cold water 
contains much protein which appears to be an integral 
part of the grain. The proteinaceous starch, which 
stains blue with iodine (B.V., 0-533), contains only 
54 per cent of acid-hydrolysable polysaccharide. 
Although practically insoluble in boiling water, it 
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can be dispersed in hot caustic soda solution, and by 
a@ graded acidification of the alkaline solution it is 
possible to obtain the starch free from protein. A 
more generally applicable method, however, consists 
in the exhaustive extraction of the protein-starch 
complex with hot 30 per cent chloral hydrate solution 
(pH 3), the extraction being continued until the 
insoluble residue no longer contains acid-hydrolys. 
able polysaccharide. 

The main protein-free fraction obtained by chloral 
hydrate extraction was a typical amylose, inasmuch 
as it did not gelatinize appreciably in boiling watcr, 
was hydrolysed to an equal degree (98 per cent) ly 
1-5.N sulphuric acid and by §-amylase, and its 
complex with iodine showed a blue value and a 
visible light absorption curve substantially the same 
as those of the amylose separated from potato starch 
by the thymol method*. A quantitative analysis of 
all the fractions obtained by extraction with chloral 
hydrate revealed the presence of not more than 2 per 
cent of the branched-chain component. The estima- 
tion was based upon the relative extent of hydrolysis 
effected by mineral acid on one hand and by 
amylase on the other. 

Although the wrinkled pea is now regarded by 
botanists as the type (Pisum sativa) and the smooth 
pea as the variation (P. arvense L.), it is probable 
that the reverse is true and that the wrinkled 
pea is the product of artificial breeding*. It is of 
interest to find, therefore, that the starches of the 
two varieties are chemically different. We have 
shown that the protein-free starches derived from 
two types of smooth pea, Early Bird and Pilot, 
contain 66 per cent of amylopectin and only 30 per 
cent of amylose. The salient differences between the 
starches of P. sativa and P. arvense L. are shown in 
the accompanying table. 


STARCHES FROM THE WRINKLED AND THE SMOOTH PRA 








Protein-free starch 








| Variety of pea Amylose Amylopectin 
| B.V. oe ~ —-~—| -~ ---—,—-- - 
| % | % B.V. 
Wrinkled 
(Steadfast ) 1°10 (av.)| 98 1°10 2 _ 
Smooth j } | | | 
(Early Bird) | 0°535 20-4 | 1°25 65-8 0-200 
Smooth | 
(Pilot) 0-560 | 30-2 1-30 66-1 0-265 





Blue Value (B.V.) is defined in ref. 4. 


The starch of the smooth variety of pea appears 
not to exist in combination with protein in the grain, 
for it is possible to obtain protein-free starch from 
the pea flour by the usual treatment with cold water, 
that is, without disruption of the grain. 

Wrinkled pea starch, being an amylose, is pre- 
cipitated almost quantitatively by thymol from an 
aqueous dispersion, and it shows, in a more marked 
degree, the properties associated with the unbranched 
component of cereal starches. It may be dispersed 
by treatment with warm alkali, but subsequent 
neutralization is followed by rapid and spontaneous 
precipitation of the starch from solution (retrograd- 
ation). It does not swell in pyridine and can be 
acetylated by acetic anhydride and pyridine only if 
it is freshly precipitated by the addition of acetone 
to a chloral hydrate solution. The acetate so obtained 
is fibrous in form. In these respects the protein-free 
starch of Pisum sativa more nearly resembles cellulose 
in physical characteristics than does any of the seed 
or root starches hitherto investigated. 
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It may well be that the composition of pea starch 
is conditioned by the degree of maturity of the seed, 
and a determination of the amylose-amylopectin 
ratio at different stages of growth should give some 
insight into the biogenesis and biological function of 
starch in this plant. 

We wish to thank Sir Norman Haworth for his 
interest in this work, and the Colonial Products 
Research Council for financial assistance. We wish 
also to acknowledge our indebtedness to Dr. T. J. 
Schoch for a sample of starch isolated from Laxton’s 
Progress variety of wrinkled peas. 

S. Peat 
E. J. BOURNE 
Mary J. NICHOLLS 
A. E. Hills Laboratories, 
University, 
Birmingham, 15. 
Oct. 22. 
Hilbert, G. E., and MacMasters, M. M., J. Biol. Chem., 162, 229 (1946). 
*Haworth, W. N., Peat, 8. andjSagrott, P. E., Nature, 156, 720 (1946). 
Winton, A. L., and Winton, K. B., ‘“The Structure and Composition 
of Foods” (J. Wiley and Sons, Inc., 1932). 


‘ Bourne, E. J., Haworth, Sir Norman, Macey, A., and Peat, 8 (in the 
press). 


Nature of the C/D-ring Union in the 
Cstrogenic Hormones 


In a recent discussion' of the nature of the C/D-ring 
union in the natural cstrogenic hormones (+)- 
estrone and (+)-equilenin, I suggested that the 
stereochemical correspondence of these compounds 
was not beyond all doubt. It has since come to my 
notice that satisfactory evidence of such correspond- 
ence does, in fact, already exist in the literature. 
Because this evidence appears generally to have 
escaped recognition, it seems desirable to direct 
attention to it, and it is briefly summarized here- 
under. 

(A) When (+ )-equilin (IT) is shaken with palladium 
black in ethanol at 80° in an atmosphere of nitrogen, 
dehydrogenation occurs to give (+ )-equilenin (ITT)*- ; 
in view of the very mild conditions employed, it 
seems certain that (+)-equilin and (-+-)-equilenin 
correspond stereochemically at C,,; and C,,. (+)- 
Equilin is hydroxylated by treatment with osmium 
tetroxide to yield a 17-keto-3 : 7 : 8-triol', which by 
distillation in a high vacuum loses 1 mol. of water 
to afford a 3-hydroxy-7 : 17-diketone (IV)*, which by 
Wolff—Kishner reduction of its disemicarbazone gives 
17-deoxeestrone (V)*, obtained previously by the 
same method from the semicarbazone of (+ )-cestrone 
(f)*. Although carried out at 205-210°, it seems 
improbable that pinacolic dehydration of the 3 : 7 : 8- 
triol, involving migration of a hydrogen atom from 
C, to Cs, could lead to inversion of configuration at 
Cy; similarly, Wolff-Kishner reduction of many 
steroid ketones has been carried out, but in no case 
has inversion at C,, been observed; for example, 
androstane-3 : 17-dione gives androstane’ and etio- 
cholane-3 : 17-dione furnishes a high yield of «tio- 
cholane*. These reactions therefore link (+ )-cestrone 
(I) with (+)-equilenin (III) and indicate that these 
hormones, as also (+ )-equilin (II), correspond stereo- 
chemically at C,, and C,,. 

(B) When the 3-hydroxy-7 : 17-diketone (IV) is 
acetylated, there is obtained an enol-diacetate, in 
which the position of the new double-bond between 
C, and C, is established by the absorption spectrum ; 
this by hydrogenation with palladium black in acetic 
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(+)-cestrone (1) (+)-equilin (iI) <8 ( +)-equilenin (III) 


17-keto-3 : 7 : 8-triol 


17-deoxa@strone (V) —————————_- 3-hydroxy-7 : 17-diketone (IV) 
acid and subsequent alkaline hydrolysis gives a 
17-keto-3 : 7-diol’, converted by treatment as the 
3-monobenzoate with phosphorus pentachloride (1 
mol.) in the presence of calcium carbonate into a 
7-chloride*. Elimination of hydrggen chloride from 
this by use of sodium iodide in pyridine furnishes, 
after removal of the benzoyl group by alkaline 
hydrolysis, A*-cestrone, since the position of the 
new double-bond is established by the absorption 
spectrum and hydrogenation with palladium black 
in ethanol at 20° gives (+)-cestrone as the sole 
product*®. This sequence of reactions avoids the high- 
temperature Wolff-Kishner reduction, and again 
links (+)-cestrone (I) with (+)-equilenin (ITI) in 
respect of configuration at C,, and C,,. 


(+)-cestrone (I) (+)-equilin (ID) —— (+)-equilenin (III) 


“ 
A*-eestrone $-hydroxy-7 : 17-diketone (IV) 


aio *' ~~ + 17-keto-3 : 7-diol «—- A*- 17-keto-3 : 7-diacetate 

(C) Quite recently’®, transformations analogous 
to the foregoing have been carried out on “‘a’’-di- 
hydroequilin, which as the 3: 17 ‘“«’’-diacetate is 
hydroxylated by treatment with osmium tetroxide to 
a 3:7:8:17 “a’’-tetrol, also obtained by reduction 
with sodium and ethanol of the 17-keto-3 : 7 : 8-triol 
mentioned in section (A); this tetrol, either by 
distillation at 200° in a high vacuum or by treatment 
with hot 8 per cent sulphuric acid, undergoes pinacolic 
dehydration to give a good yield of a 7-keto-3 : 17 “‘«’’- 
diol, which by Wolff—Kishner reduction or by re- 
moval of the 7-carbonyl group by the procedure 
described in section (B) furnishes ‘‘«’’-cestradiol, a 
reduction product"! of (+ )-cestrone. 

Once again these reactions link (+ )-cestrone (I) with 
(+)-equilenin (III), and appear to prove that these 
hormones possess the same type of C/D-ring union, 
at present assumed by convention to be a trans-fusion. 

‘ C. W. SHOPPEE 
Chester Beatty Research Institute, 
Royal Cancer Hospital (Free), 
London, 8.W.3. 
Oct. 15. 
* Shoppce, C. W., Nature, 160, 64 (1947). 
* Discherl, W., and Hanusch, F., Z. Physiol. Chem., 233, 13 (1935). 
* Discherl, W., and Hanusch, F., Z. Physiol. Chem., 236, 131 (1935). 
* Serini, A., and Logemann, W., Ber., 71, 186 (1938). 
8 a W. H., and Wintersteiner, O., J. Biol. Chem., 130, 35 
* Butenandt, A., Stdérmer, I., and Westphal, U., Z. Physiol. Chem., 
208, 149 (1932). 
’ Shoppee, C. W., unpublished observation. 
* Shoppee, C. W., Helv. Chim. Acta, 27, 260 (1944). 
® a W. H., and Wintersteiner, O., J. Biol. Chem., 132, 605 
'° Schwenk, E., Bloch,.E., and Whitman, 
abstracted in Chem. Abs., 43, 4518 (1947). 
"™ Schwenk, E., and Hildebrandt, F., Naturwiss., 21, 


B., U.S.P. 2,418,603, 
177 (1933). 


Whitman B., Wintersteiner, O., and Schwenk, E.. J. Biol. Chem., 
118, 789 (1937). 
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p-Hydroxybenzil 


By oxidizing p-hydroxydeoxybenzoin with chromic 
anhydride in acetic acid, Weisl' obtained a substance, 
m.p. 175°, which he claimed to be p-hydroxybenzil. 
He described it as an amorphous powder, crystal- 
lizable with difficulty from aqueous ethanol in the 
form of orange needles ; in alcoholic solution, it gave 
a deep red colour with potassium hydroxide. 

Recent work in these Laboratories has shown that 
p-methoxybenzil*, when demethylated with hydro- 
bromic acid, gives a p-hydroxybenzil, m.p. 129-130° 
(found : C, 74-1; H, 4-7. C,gH,,O; requires C, 74-3 ; 
H, 4-5 per cent) (acetyl derivative, m.p. 67°), which 
crystallizes readily from benzene or aqueous ethanol 
in pale yellow needles; with potassium hydroxide 
its alcoholic solution assumes a deep golden-yellow 
colour, evidently due to heightened resonance effects 
in the anionic form of the molecule. The same com- 
pound has been obtained almost quantitatively by 
the oxidation of p-hydroxydeoxybenzoin with selen- 
ium dioxide and in a small yield by the application of 
Weisl’s method to p-acetoxydeoxybenzoin with sub- 
sequent deacetylation of the product. It seems very 
probable, therefore, that Weisl, through omitting to 
protect the hydroxyl group during his oxidation, 
obtained some product of more complex nature which 
he wrongly assumed to be p-hydroxybenzil. 

The reaction of p-hydroxybenzil, m.p. 129-130°, 
towards urea and sodium ethoxide in ethanol pro- 
ceeds in the normal manner to give a mixture of 
the hydantoin and the glycoluril. 5-Phenyl-5(p- 
hydroxyphenyl) hydantoin, recently mentioned but 
not characterized by Melton and Henze*, has m.p. 
311° (decomp.) (found : C, 66-7; H, 4-9. C,,H,,0,N, 
requires C, 67-2; H, 4-5 per cent); this compound 
is also produced by the demethylation of 5-phenyl- 
5(p-methoxyphenyl) hydantoin, m.p. 224-225°, ob- 
tained from p-methoxybenzil and urea by the 
standard method. All melting points are corrected. 

Further details of this work will be incorporated 
in a later publication. 

Joun H. Gorvin 
Wellcome Laboratories of Tropical Medicine, 
183 Euston Road, 
London, N.W.1. 
Oct. 20. 


* Weisl, 8., Monatsh. Chem., 26, 992 (1905). 

* McKenzie. A., Luis, E. M., Tiffeneau, M., and Weill, P., Bull. Soc 
chim. Fran., 45, 418 (1929). 

* Melton, J. W., and Henze, H. R., J. Amer. Chem. Soc., 69, 2018 (1947). 


Auroral Activity in Southern Norway from 
the Midd'e of August to the Middle 
of October, 1947 


CORRESPOND NG to the very high solar activity 
last autumn, an unusual number of auroras have 
occurred in southern Norway; I have never before 
seen sO many auroras in so short a time. Thanks 
to fine weather conditions, all my aurora stations 


have been in action and a great number of pictures’ 


have been obtained for the determination of height 
and position of the auroras. 

Auroras were observed between the following dates 
and the next one: August 11, 12, 13, 14, 15, 16, 17, 
18, 19, 20, 21, 22, 24, 25, 28 ; September 3, 7, 11, 13, 
14, 15, 17, 18, 24, 25; October 1, 2, 3, 5, 7, 8, 10, 
11, 12, 13, 14, 17, 18. On August 15 and September 3, 
7 and 24, auroras formed a corona. On several 
occasions red rays and red surfaces were seen. 
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Photographs were taken from my stations on 
August 13, 15, 16, 18, 19, 21, 22, 25, 28, September 3, 
7, 11, 15, 17, 18, 24, 25 and October 2, 7, 13, 17, 18. 
On the dates printed in italic type, pictures were 
taken from two, three, four or five stations simult- 
aneously. In all, 1,920 photographs could be used, 
among which 398 sets were suitable for height 
termination. 

Of special interest were the photographs taken on 
August 15-16. During that night Lovell, Clegg and 
Ellyett obtained for the first time radar echoes from 
the aurora’, a fact which, if verified, may have the 
greatest importance for future auroral research. 125 
successful pictures were taken that night from my 
stations, Oslo, Dombads, Holmestrand, Askim and 
Kongsberg, which gave twenty-eight sets of simult- 
aneous pictures. Of these, eight sets have been 
measured, giving, among other things, heights of 
summits of sunlit auroral rays equal to 539, 774, 520, 
541, 452, 425, 573, 590, 730 and 657 km., which is of 
the same order as the heights found by radar. 

Cart STORMER 
Institute for Theoretical Astrophysics, 
Blindern, Oslo. 
Dec. 24. 
* Nature, 160, 272 (1947). 


Lorentz-like Transformations 


THE analogy between Dingle’s relativistic theory of 
temperature radiation’ and the special theory of 
relativity may be given precise mathematical form by 
the introduction of a transformation of which those 
due to Lorentz and Dingle are special cases. This 
may assist in the further development of the thermal 
theory. 

Consider quantities @ and ¢ 
according to 


which transform 


da’ = g(b,) (da — b,db), } 
dt’ = g(b,) h(b, , b) dt, (1) 
6’ = (6 — b,)/h (6, , 6), 


g and A being continuous functions of their arguments. 
The quantity 6 is defined as da/dt and 5b, is a par- 
ticular value of 6 which acts as a parameter of the 
transformation. With 

g(0) = 1 = A(0,b) (2) 
the transformation goes over into the identity as 
b, + 0. 

As invariant metrics of the transformation (1) the 
special forms (i) da* — dt*, (ii) dt(dt — da/k)* are of 
interest, k being a constant. In case (i) the two- 
dimensional Lorentz transformation is obtained from 
(1) in the form 


da — b,dt ) 
Of @ goes | 

(1 = b,?)'/2 (3) 
a dt — b,da 


(1 — 6,” 


whereas case (ii) yields Dingle’s transformation : 


, _ da—b,dt 
seals (1 — 6,/k)7"” (4) 
dt’ = (1 — b,yk)*/* de. 
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comparison with Dingle’s notation are given in the 
accompanying table. 


TABLE OF SYMBOLS USED 








——— = 
Symbols used Interpretation 
Present Dingle’s | 
notation notation 
for cases | for Case (i) Case (ii) 
(i) and (li)| case (ii) 
a ") Distance Measure of entropy 
covered radiated 
t t Vel. of light 
| x time », time 
l t Vel. = vel 
| of light | - » temperature 
wv, Not used +1 Measure of an infinitely 
high temperature 
Ws -—¢ -1 Constant depending on an 
experimental arrangement 
and corresponding to the 
| absolute zero of tempera- 
ture 
g(b3) (1 — bjy*)** | (1 — Dy/w,)-** 
i bj/w, 


hiby , 6) 1— bp | 1 


These properties suggest a study of the general 
transformations (1). They form a group provided 


g(b,) h(b, , bs) 





g(6’) _ , 
g(5;) h(b,, 6,) { (5) 
h(b’. , 6’) h(b, »5) h(b, » 6) 
. h(b, , 6) h(b, , 5.) 
Furthermore, particular values, w, (n = 1, 2, .. .) 


of 6 such that w’, = wy, (values of 6 which are in- 
variant under (1) ), must satisfy 


A(b, » Wn) = ] — b, Wn (6) 


by (1). Hence 


6, & w, (n = 1,2,...), (7) 


since, with b, = wp, (6) shows that A(w», wp) = 0, so 
that the transformations (1) would become meaning- 
less in this case. If these transformations form a 
continuous group, it follows from (7) that there can 
be no value w, of 6 within the range which the para- 
meter 6, can cover. Such values of 6 can thus occur 
only at the end-point(s) of the range of values of b, 
within which the transformations (1) are effective. 
In fact, with the convention w, > w,, 


in case (i) w, = -lil>b,>-1, 
in case (ii) w, O, Ww, & @ >6,> 64. 


It is interesting to note that these conclusions are 
already inherent in the transformation (1). They 
represent a generalization of the property of 
Einstein's special relativity that, if v be an arbitrary 
velocity, c the velocity of light, the relations 
+ ¢, 


vu=-—-Cc, —ce<v<c te v= 


are each invariant under a Lorentz transformation. 
In Dingle’s case they enable us to interpret the con- 
stant k (which occurred in the second metric) as an 
invariant temperature which, with the usual meas- 
ures, corresponds to the absolute zero of temperature. 
k must be negative, since the group property of the 
transformation requires that the value 6, = 0 be 
possible. 

In the relativity case, b, is the velocity of a system 
of reference S’ relative to another system S. Express- 
ing this relationship symbolically, we write 


b, : S +8’, and introduce b,’ : S’ + 8”. (8) 
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RELATIONS BETWEEN 0 AND 6,, TAKING w, = — 1 IN BOTH CASES 


Hence b, : S — S” and, in particular, 


b 
0, and b,’ = o’ = — 1 (9) 


if S” = S, then b, ib ,,0) 
ls 


by (1). Hence for case (9) the relations (8) yield the 
reciprocal transformations 


b,:S—+S’, —b,/h(b,,0) : S’ +S. 


The relation between these two transformations for 
the two special cases is illustrated in the figure. 
Thus, on transforming from S’ to S the last equation 
(1) is replaced by 


b’ — o’ 


> an ae = (6- b, )h(6,,0) + b,h(b,,) 
h(o’,b’) 


h(b,,6;) 








(10) 


by (1), (2), (5) and (9). Using (10) to eliminate 
h(b,,b) from (1), our transformation is seen to be a 
linear transformation with matrix 


] = t, 
1 
g(b,) (Abby) = Moro) h(b,,0) (11) 


b, 


Though we are not here concerned with the physics 
of the theories leading either to case (i) or to case (ii), 
their unification in the above way may be of interest. 

P. T. LANDSBERG 
Research Laboratory, 
Associated Electrical Industries, Ltd., 
Aldermaston Court, 
Aldermaston, Berks. 
' Dingle, H., Phil. Mag., 35, 499 (1944): 37, 47 (1946); Nature, 157, 
515, 556, 737 (1946). 


Mr. LANDSBERG’sS letter, in that it derives a general 
transformation of which the Lorentz transformation 
is a special case, is doubtless of importance mathe- 
matically. It seems to me to have considerable 
physical interest for two reasons. First, it should 
help to elucidate the difference between the ‘one-way’ 
character of the laws of radiation and the ‘two-way’ 
character of the laws of motion, since it shows that 
both sets of laws, expressed in relativistic form, are 
special cases of a more general relation. Secondly, 
the detailed correspondence obtained between the 
Lorentz transformation and the transformation 
operative in thermal relativity should help by analogy 
in the further development of the latter. It might 
help, for example, in deriving a rigorous relation be- 
tween specific heat and temperature (expressed, of 
course, not in those terms but in terms of the thermal 
relativity measurements) by analogy with the mech- 
anical relation between mass and velocity. 

HERBERT DINGLE 
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DOSAGE/RESPONSE RELATION- 
SHIPS IN MOULD INHIBITION 


By J. N. PHILLIPS and J. M. VINCENT 


School of Agriculture, University of Sydney 


HILE in the inhibition of several moulds by 
alkyl p-hydroxybenzoates, the expression : 


y = a2, (1) 


where y is proportionate reduction in rate of increase 
in colony diameter (inhibition), x is concentration of 
inhibitor, a and 6 are constants (6 < 1), provides a 
fair statement of results and permits a reasonable 
comparison of substances', considerations raised by 
Hinshelwood in connexion with antibacterial action* 
have suggested the desirability of re-examining data 
for agreement with the form of the Langmuir adsorp- 
tion isotherm. 

The experimental points for the inhibition of 
Aspergillus niger by the alkyl p-hydroxy- and 
p-aminobenzoates is fitted rather better by the 
logarithmic (equation 1) than by the simple adsorp- 
tion relationship. For these cases the former remains 
the better statement of results, although it throws 
no light on possible mechanism of inhibitor action. 
There is, however, little to choose between the two 
curves over a fair part of the inhibitory range, and 
even with this organism the adsorption form might 
serve as a first approximation. The alkyl p-amino- 
benzoate inhibition of two other organisms (Penicillium 
roqueforti and Byssochlamys fulva) fits the adsorption 
equation as well as, or rather better than, the 
logarithmic form. The detail of these investigations 
will be reported elsewhere, but certain implications 
of the equation based on the adsorption phenomenon 
seem to merit attention. 

From the adsorption isotherm : 


k,a(1—A®) = k,A0, (2) 


where &, and k, are constants of adsorption and 
desorption respectively, § is number of molecules 
adsorbed per unit area, A is effective area occupied 
by each molecule adsorbed at the surface, x is molar 
concentration of substance being adsorbed, it follows 
that : 

AO = B.z/(1 + Bz), (3) 


where B = k,/k,. 

We can now look at two ways in which inhibition 
may be related to adsorption per unit area : 

(i) as proportional to the area occupied by the 
adsorbed molecules, when 


y = K,A6, (4) 


where y is inhibition, K, is a constant expressing the 
relative effectiveness per unit area occupied by 
adsorbed molecules ; 
(ii) as proportional to the number of molecules 
adsorbed, when 
y = K,, (5) 


where K, is a constant expressing the relative 
inhibitory effectiveness per molecule adsorbed. 
Regarding the first possibility and combining (3) 
and (4), 
y = K,B.2/(1 + Bz). (6) 


The corresponding equation for the second postulate 
would be: 


= K,B.2/A(1 + Bz). (7) 
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Equations (6) and (7) can then be written in the 
linear forms : 


February 7, 


aly = 1/K,B a 2/K,. (f t) 
z/y = A/K,B + Az/K,. (7a) 


If then the experimental data be plotted as x/y 
against x, the slope of the line (generalized as 1//c) 
represents 1/K, or A/K, according to the supposition 
being examined. 

Whatever the detailed factors represented by tiie 
slope, B can be determined by substitution in equa- 
tions (6a) and (7a). This constant would then, by 
definition, provide a measure of relative adsorbability 
at a biological surface. 

It is possible by these means to examine dosay 
response data in order to analyse inhibitory action 
in terms of: ‘biological’ adsorbability (B) and 
relative effectiveness per unit area occupied by 
adsorbed molecules (K, or K,/A). The technique 
seems likely to have a use in the more critical study 
of toxic substances and has obvious similarities + 
the Lineweaver and Burk manipulation of the 
Michaelis-Menten equation?. 

The application of the method is illustrated in the 
case of the relative inhibitory action of successive 
alkyl p-aminobenzoates on B. fulva (see graph). 
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Curve I: 


Curve II: —_ of lowering of oben tension (data of 
» Ridea! ef al.*). Methyl = 0-28. 
Curve III : taulte of ‘biological adsorption’ (B) as defined in 


text. Methyl = —1-0. 


Curve I shows the increase with chain-length of over- 
all inhibitory effectiveness as gauged by — log (con- 
centration giving 50 per cent inhibition). This should 
be compared with surface activity data (Curve II)‘ 
from Adams, Rideal e¢ al. Up to propyl, there is 
good agreement between this biological efféct and 
the simple physical property of lowering surface 
tension at an air—water interface. Beyond propyl, 
the biological effect falls markedly below the surface 
tension data. If, however, K and B are dissected out 
from the biological data, there are two interesting 
consequences. The slope of the line increases, that 
is, K decreases, with chain-length : 
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Ester 4 
Methyl 20-4 
Ethyl 18°5 
Propyl 12-4 
Butyl 11-4 
Amyl 9°8 


At the same time, the logarithmic increase in ‘bio- 
logical’ adsorption (B), plotted against chain-length 
(Curve III), agrees very much better with the simple 
physical determination (Curve II). 

Since inhibition seems likely to be more closely 
related to the number of molecules adsorbed than 
to the area they occupy, it would seem profitable to 
examine the slope values regarded as A/K, (equation 
7a). Without losing sight of the possibility of decreased 
K,/A being due to a decrease in effectiveness per 
molecule (K,), @ more reasonable proposition for such 
a homologous series would be that it results from 
increasing A due to extra molecular bulk or a different 
disposition relative to the adsorbed surface. 

It needs to be observed at this point, however, that 
other inhibitor/organism relationships need not be so 
straightforward as that quoted above. At least two 
reasons can contribute to this: (i) the accurate 
determination of the constants is often difficult ; 
(ii) the dosage/response relationship is, to a varying 
degree, only approximated by the simple adsorption 
form, and it might be necessary to restrict the 
determination of constants to a relatively small 
portion of the curve such that permits valid com- 
parison between substances. With these reasonable 
provisos, data for P. roqueforti and A. niger seem to 
show at least the same trends as those seen clearly 
in B. fulva. Their detailed examination will be dealt 
with elsewhere in collaboration with Mr. G. W. K. 
Cavill. 

In conclusion, we should like to express our 
indebtedness to Prof. C. N. Hinshelwood for his 
critical comment on an earlier draft of the ideas set 
out in the present communication. Needless to say, 
although the present form has been influenced by 
such comments, Prof. Hinshelwood cannot be held 
responsible for any of its residual imperfections. 


‘Vincent, J. M., J. Soe. Chem. Ind., 66, 149 (1947); Cavill, G. W. K., 
and Vincent, : M., ibid , 66, 175 (1947). 

* Hinshelwood, C. “The Chemical Kinetics of the Bacterial Cell” 
(Clarendon Soler Oxford, 1946). 

* Wilson, P. W., chapter in “Respiratory Enzymes” (University of 
Wisconsin Biochemista, Burgess Publishing Co., 1939). 

* Adams, R., Rideal, E. K., ef al., J. Amer. Chem. Soce., 48, 1758 (1926) - 


NITROGENOUS CONSTITUENTS 
OF THE POTATO 


By Dr. E. B. SLACK 
Biochemical Laboratory, Cambridge 


SBORNE and Campbell' isolated a globulin 

from the expressed sap of minced potatoes. By 
extracting the crushed potato residue with 10 per 
cent sodium chloride, they were able to obtain an 
additional amount of protein which they considered 
was identical with the globulin contained in the press 
juice. When a solution of this protein in 10 per cent 
sodium chloride was gradually heated, a flocculent 
coagulum was formed at about 60° C., and further 
precipitates were obtained at higher temperatures up 
to 80° C. At this temperature coagulation of all the 
protein was complete, although a minute amount of 
proteose material appeared to remain in solution. 
The authors concluded that the only true protein 
present in potato was a globulin, with rather indeterm- 


. 
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inate heat-coagulation properties, for which they 
proposed the name of ‘tuberin’. Neuberger and 
Sanger* extended this work and found that the potato 
residue, after removal of the press juice, contained a 
small amount of nitrogen (about 8 per cent of the 
total potato-nitrogen) which was insoluble in all the 
usual protein solvents. In more recent studies on 
tuberin, Groot, Janssen, Kentie, Oosterhius and 
Trap* have shown that it can be separated electro- 
phoretically into two components. 

Determinations of the amino-acid content of tuberin 
were carried out by Sjollema and Rinkes‘ and by 
Groot®. The results of the earlier workers are probably 
not very reliable owing to the inadequacy of methods 
at that time. It is noteworthy, however, that Groot’s 
recent figure for the lysine content of tuberin is of the 
same low order, 3-6 per cent, as that obtained by the 
earlier workers. 

Using Gale’s decarboxylase method‘, I have found 
that a sample of tuberin, prepared from King Edward 
potatoes by heat coagulation of the press juice at 
80° and pH 4-5, had a lysine content of 7-7 per cent, 
a value that is more consistent with the high nutritive 
value of tuberin reported by Kon’ and by Chick and 
Cutting*. Estimations of the other essential amino- 
acids of tuberin were made by the methods of 
Tristram’ for valine, leucines, tyrosine and phenyl- 
alanine, of Macpherson’? for arginine and histidine, 
of Lugg" for cystine and methionine, of Hess and 
Sullivan" for tryptophan, and of Rees'* for threonine. 
The results show that the only amino-acid present in 
inadequate amount is methionine (see accompanying 
table). In addition to tuberin, the potato contains a 
variety of other nitrogenous substances present in 
considerable amount, the actual ratio of protein to 
non-protein nitrogen varying appreciably with differ- 
ent samples. In the case of the King Edward 
potatoes used in the present work, about half to 
two-thirds of the total nitrogen was non-protein. 

AMINO-ACID COMPOSITION OF TUBERIN AND OF WHOLE POTATO 


Amino-acid Amino-acids (gm.) per 16 gm. nitrogen in 
Whole potato Tuberin 


Phenylalanine 5-4 6-6 
Leucines 11°3 17°5 
Valine 4:8 6-1 
Tryptophan 0-8 1-6 
Threonine 3-7 5-9 
Arginine 44 6-0 
Histidine 1°7 2-2 
Lysine 5-0 7-7 
Cystine 1-7 2-1 
Methionine 16 2°3 


Neuberger and Sanger* and Chick and Cutting® 
examined the non-protein fraction and found that 
about 50 per cent of the nitrogen was present in the 
form of amides (glutamine and asparagine), and 
about 30 per cent in the form of nitrogenous bases 
precipitable by phosphotungstic acid. Only about 
10-20 per cent of the non-protein nitrogen was found 
to be present in the form of «-amino-acids. In the 
present work, this «-amino fraction has been separated 
by the procedure of Vickery" and analysed for the 
essential amino-acids by the methods specified for 
tuberin above. By combining the values obtained 
for the amino-acid content of the non- -protein fraction 
with those found for tuberin, and assuming that all 
the protein present in potato has the same composition 
as tuberin, it is possible to calculate the amino-acid 
composition of the ‘crude-protein’ (N x 6) of the whole 
potato. The result is given in the table, and shows 
that the latter is poorer in its content of all the 
essential amino-acids than tuberin, from which it 
might be predicted that its nutritive value would also 
be inferior to that of tuberin. 
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THE AVERAGE GROWTH-RATES OF YOUNG LITTER-MATE RATS 
RECEIVING DIETS COMPLETE WITH RESPECT TO ALL ESSENTIAL 
NUTRIENTS EXCEPT PROTKIN, SHOWING THE RELATIVE NUTRITIVE 
VALUE OF VARIOUS NITROGENOUS CONSTITUENTS OF THE POTATO” 








Weight (gm.) 


23-30% N from 














Time (weeks) 


Chick and Cutting* and Chick and Slack"* have 
shown, however, that although the non-protein 
fraction is alone incapable of supporting growth, yet 
the mixture of protein and non-protein nitrogen in 
the whole tuber possesses a nutritive value, as 
measured by its growth-supporting capacity for 
young rats, at least equal to that of the isolated 


tuberin. The obvious explanation of this result is 
not possible, since no supplementation between 
tuberin and the non-protein nitrogen could be 


demonstrated when the two fractions were isolated 
and fed in various proportions. In the accompanying 
growth charts, obtained in one such experiment, the 
broken line represents the average weight-change of a 
group of six litter-mate weanling rats receiving a diet 
complete with respect to all essential nutrients except 
nitrogen. The latter was derived entirely from 
protein-free potato juice and fed at a level of 2-3 per 
cent nitrogen on the dry weight for three weeks and 
at a level of 3-0 per cent nitrogen for a further week. 
There was little change in weight on these diets. At 
the end of a month, three of the six rats were given a 
diet containing 1-7 per cent nitrogen derived from 
whole potato, and the other three a diet containing 
1-8 per cent nitrogen derived from a mixture of 
tuberin and non-protein nitrogen in the proportions 
in which they occur in the whole potato. The average 
growth-curve of a group of three rats receiving a diet 
in which all the nitrogen is supplied at a level of 
1-7 per cent nitrogen derived entirely from tuberin is 
included from another experiment. 

It is difficult to account in terms of amino-acid 
content for the superiority of the whole potato over 
tuberin as a source of dietary nitrogen. - The small 
amount of unidentified nitrogen which cannot be 
extracted from potato residue (about 8 per cent of 
the total potato nitrogen and almost certainly protein) 
may be exerting an effect, or the potato may contain 
minute amounts of material similar to streptogenin, 
which Woolley" has shown to be a peptide-like factor 
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stimulating the growth of L. Casei and obtained by 
tryptic digest of certain proteins of which it is an 
integral part. Otherwise it would appear that the 
potato contains further substances which, though 
neither proteins nor amino-acids, are capable of 
replacing or supplementing these in the diet. 

I wish to thank Dr. Harriette Chick for permitting 
me to include the results of the experiments shown in 
the graph, and should also like to record my appre. 
ciation of the helpful advice and encouragement | 
have received from Sir Charles Martin and Prof. 
A. C. Chibnall. 
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NEW CHEMICAL AND PHYSICAL 
LABORATORY AT THE ROYAL 
AIRCRAFT ESTABLISHMENT, 
FARNBOROUGH, HANTS 


HEMICAL research in the Royal Aircraft Estab- 

lishment commenced under Dr. J. E. Ramsbottom 
in the early years of the First World War, but until 
very recently the accommodation for chemical and 
physical research was by no means adequate for 
present-day needs. However, a new laboratory has 
recently been completed and was formally opened 
on October 29 by Mr. G. R. Strauss, Minister of 
Supply. In his introductory address, the director of 
the Royal Aircraft Establishment, Mr. W. G. A. 
Perring, outlined the growth of chemistry at the 
Establishment and summarized the outstanding 
contributions of the Chemistry Department to aero- 
nautical research. A specification for a new labora- 
tory was originally drawn up by Dr. Ramsbottom 
and his staff before the Second World War, and in 
his capacity of war-time head of the Chemistry 
Department, Prof. W. F. K. Wynne-Jones was re- 
sponsible for the detailed layout of the laboratory and | 
for pressing forward the extended scheme. Much 
valuable advice was received from Sir Ian Heilbron of 
the Imperial College of Science and Technology, 
London, and throughout the planning and con- 
structional period Mr. R. B. Twiss, a member of the 
Chemistry Department staff, has been the general 
adviser on all research requirements to the architect, 
Mr. Oliver Law, the consulting engineers, Messrs. 
A. H. Barker and Partners, and the contractors, 
Messrs. Trollope and Colls. 

The new laboratory was designed in 1944 and con- 
structed during the period 1945-47. Its general 
layout represents an attempt to provide up-to-date 
facilities for both basic research in the chemical and 
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physical fields and more applied studies of aviation 
problems of a chemical and physical nature. Well- 
sited, easily accessible by new roads in front and 
rear, the laboratory comprises a single block, in plan 
dumb-bell-shaped and almost symmetrical, the long 
centre section terminating in two transverse wings. 
The overall length is about 220 ft., the width of the 
centre part 44 ft., and of the wings 65 ft., the total 
floor area being of the order of 40,000 sq. ft. Excava- 
tion of the whole centre section provides considerable 
basement area for spectrographic laboratories, service 
control rooms, air-conditioning equipment, refriger- 
ators, a liquid-air plant and bulk store. The wings 
are not excavated and their solid floors permit heavier 
plant installation than suspended floors. 

The main building rises three floors above the base- 
ment, and has a fiat roof surmounted by a small 
central laboratory, lift room, and the fume-extraction 
plant, the latter comprising four large fan chambers 
and their associated acid-resisting ductwork. Most 
of the floor area is available for experimental work, 
all services being carried up into the central 
laboratory. 

The building construction is robust ; the reinforced 
concrete framing (columns, beams and floors) was 
cast in situ. The external walls are filled with 134-in. 
solid brickwork above ground-floor level ; basement 
retaining walls are of reinforced concrete, brick- 
faced. The foundations are adequate for structural 
weight plus a uniform loading of 200 lb. per sq. ft. 
for all suspended floors. 

Along the centre section of the building, columns 
are regularly spaced at 10 ft. 7 in. centres, with 
spacing in wings appropriaté to the greater spans. 
The central corridors on each floor, including the 
basement, extend from wing to wing and are 7 ft. 
wide, so that along the length of the block sub- 
division by transverse brickwork partitioning provides 
rooms which are multiples of the unit bay size 
(internally 10 ft. 3 in. by 16 ft. 9 in.). The wings, 
62 ft. by 20 ft. internally, can be used as single 
rooms or subdivided, the extra width providing for 
large centre benches as in the analytical laboratory, 
or for bulky equipment as in the X-ray section. 

Ceilings are generally 10 ft. 9 in. high (basement 
8 ft. 9 in.), but in the centrally disposed 5-bay pilot- 
plant laboratory the first floor has been omitted to 
give headroom of 22 ft. for tall apparatus such as 
stills, there being a gallery around three sides at 
first-floor level, accessible via two iron stairways 
within the room, with an emergency exit steel door 
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to the first-floor corridor. 
This double-height room 
is of fire-resisting con- 
struction, isolated from 
the building by two more 
steel doors giving access 
from the ground-floor cor- 
ridor. There are two 
more entrances from out- 
side the building directly 
opposite these isolating 
doors. 

Individual laboratories 
in the whole block are 
designed to make changes 
of function easy to accom- 
plish ; specialized layout 
has therefore given place 
to flexibility, with the 
exception of a few special 
rooms, for example, the X-ray and electron micro- 
scopy and the textile sections. 

Special attention has been given to stores, all 
three of which are near the lift, those on the first 
and second floors having separate lift access gates. 
Laboratories making greatest demands on the stores 
are as near as possible to them; offices and other 
rooms lie farther along the corridors, towards the 
south end of this building. In general, the ground 
floor is allotted to the more physical operations ; the 
first, except for the analytical laboratory, is largely 
administrative; and the second devoted chiefly to 
chemical work requiring efficient fume disposal 
above roof-level. 

The electrical and mechanical services follow the 
general flexibility requirement, considerable sub- 
division with ease of accessibility simplifying main- 
tenance and facilitating modifications with minimum 
disturbance. Adequate service outlets and floor drain 
points, either blanked off as future provision or con- 
tinued to required positions, are provided in nearly 
every room. Conversion of function, for example, 
offices into laboratories, is thus straightforward. 
Some standardization of fittings also has improved 
adaptability to varying requirements. 

In more detail, the distributed services are cold 
and hot water, medium pressure steam, compressed 
air, gas, three- and single-phase 400/230-V. a.c. and 
210-V. p.c. ; low-voltage supplies are provided from 
any A.C. point by variable transformers and rectifiers, 
with local batteries where necessary. 

Distribution of non-electric services to rooms. is 
via horizontal sub-mains suspended along corridor 
ceilings on each side, separately controlled branches 
feeding outwards from the centrally disposed main 
risers. Branches off the sub-mains enter rooms at 
high level and are there valved; each room is thus 
independent of others. 

The electrical services are similarly distributed, 
vertical feeders supplying separate a.c. and D.C. 
multiple plug-in busbar systems on ground and 
second floors, and distribution boards elsewhere. 
By this means, separately fused branch connexions 
may be made at 2-ft. intervals even with busbars 
alive without disturbance to more than the single 
laboratory concerned ; leads run in flexible conduit 
to separate distribution boards in rooms; the whole 
system is thus extremely adaptable. Each laboratory 
is fitted with specially designed combination plug and 
terminal box outlets, the circuits being well sub- 
divided. Additional supplies may be obtained from 
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a fresh tapping of the appropriate busbar system. 
Lighting points are fed from the same source, but are 
separately fused. Colour differentiation is employed 
for all services. 

Heating and ventilating of the building are effected 
by low-pressure steam radiators and the central 
plenum installation, the latter forcing filtered and 
tempered air through ducting following the route of 
the general services. Vitiated air is thus displaced, 
each room having inlet and exit grilles at high level. 
The ducts pass centrally along corridors, the whole 
being enclosed by false ceilings, with removable 
access panels along the whole length, the voids on 
each floor communicating with the exit air shaft 
discharging at roof-level. 

A brief summary of the field of chemical and 
physical research covered by the Chemistry Depart- 
ment was given at the opening ceremony by Dr. T. P. 
Hughes, the present head of the Department. As a 
specialist department of the R.A.E., the Chemistry 
Department must be prepared to offer chemical 
advice and services to all departments of the Royal 
Aircraft Establishment and to certain departments 
of the Ministry of Supply ; both these functions have 
been discharged with some notable successes in the 
past. Much of the work is necessarily of a short-term 
and ad hoc nature; but roughly speaking about half 
the effort of the Department is directed along fairly 
long-term lines and includes a healthy proportion of 
basic chemical and physical research. 

The Chemistry Department is responsible for much 
of the development and application of non-metallic 
materials to aircraft, and under Mr. H. W. Hall is 
a section specializing in the chemistry and physics 


of such solids as plastics, rubber, wood and adhesives. 


Recent developments in high-speed flight have 
emphasized the value of maintaining smooth surfaces 
on thin highly stressed wings, and it has been con- 
sidered that reinforced plastic structures might possess 
many production and operational advantages over 
the conventional metal wing. To develop this specific 
application, and also to examine the possibilities of 
plastic structures for all airframe requirements, a 
section under Mr. J. E. Gordon is attempting to make 
a few large-scale structures in reinforced plastics. A 
related field is that of textiles, where a section under 
Mr. J. W. W. Dyer is covering certain aspects of 
the development and performance of textiles and 
proofed fabrics. 

The physics and chemistry of the many special 
fluids used in civil and military aircraft, such as 
paints, fuels, hydraulic fluids, lubricating oils and 
greases, are being studied in a section under Dr. 
E. W. J. Mardles. Much of the work is concerned at 
present with the rheological behaviour of these fluids. 
The assessment and reduction of fire risks in aircraft 
is the major function of a section directed by Mr. 
W. G. Glendinning. A section under Dr. J. D. Main- 
Smith covers miscellaneous chemical problems, 
chiefly of an inorganic nature. Among many other 
successes, this group developed the simple chemical 
carbon monoxide indicator which is widely used for 
aircraft cabin-contamination tests. 

The chemistry of the reactions liberating energy 
in various forms of aircraft power plant is being 
investigated in a section under Dr. W. G. Parker. In 
the same manner as the development of piston engines 
and their fuels has been materially assisted by the 
understanding of the combustion process gained by 
some twenty years of physico-chemical research, it 
is hoped to obtain some insight into the combustion 
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processes in later power plants, such as gas turbines, 
ram jets and rockets, four here the greater simplicity 
of the mechanical design has considerably increased 
the scope of the chemist. 

In his address, Mr. G. R. Strauss emphasized thie 
importance of scientific research in the aircraft fie/d, 
and declared that the Government would continue 
to give every support to aeronautical research and 
development. In the new laboratory he hoped that 
the chemists and physicists would find congenial 
working conditions for the important part they have 
to play in aeronautical research of the future. 


GOVERNMENT RESEARCH IN 
BRITAIN 


J oe the veil of secrecy drawn for the most 
part over the activities of the Department of 
Scientific and Industrial Research since the spring 
of 1939 remains unlifted, and we still await the 
resumption of publication of the annual reports of 
the Department and even the appearance of the long- 
promised review of its war-time activities, pronounce. 
ments regarding administrative developments are 
made in diverse ways and sometimes to strange 
audiences. The address of the Lord President of the 
Council to the North Herts Labour Party at Leteh- 
worth on January 14, containing the important 
announcement regarding the development of a 
scientific centre at the new town of Stevenage, is a 
recent example. Mr. Morrison prefaced his announce- 
ment by stating that the Government is eager to see 
science supporting enterprise in the national effort 
for economic recovery and independence. It proposes 
to bring to public enterprise new ideas and progressive 
development by making full use of the unrivalled 
scientific brains of Britain, sweeping away the old 
isolation of science and the tendency to look at 
scientific workers as people not needed in industry 
or only needed in the ‘back room’, or as long-haired 
old gentlemen cut off fron. worldly affairs. The 
Government is taking steps, he said, to bring science 
into the forefront of British industry, and does not 
believe that industry can give the nation what it 
wants in increasing abundance at decreasing costs 
unless science becomes more of a partner. 

Mr. Morrison referred to the recent increase in the 
number and the effectiveness of the research associa- 
tions in industry, and to the way in which the 
National Coal Board has brought science into the 
coal-mining industry at the top level and in every 
area. He looked to the time when every British 
worker will be conscious that he has a scientific man 
close at hand to make his work easier and less 
unpleasant, and to help him to get a better result. 
Although it would be some time before British 
industry could be re-equipped, even existing plant 
could be made much more productive by the assist- 
ance of science. 

Mr. Morrison emphasized that time would also be 
required before fundamental research now being 
carried out could show results in industry; in the 
meantime, he said, we must rely chiefly on the more 
effective use of the vast amount of scientific knowledge 
which already exists, but which has not yet been 
fully applied in British industry, and on harnessing 
the social sciences to help managements and workers 
in their daily problems. Here the Lord President 
instanced the contribution of housing research under 
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the Department of Scientific and Industrial Research 
in raising standards of comfort in housing, and to the 
investigations of the Shirley Institute into the pro- 
ductivity of different cotton mills. The latter investiga- 
tions had suggested that by bringing the practices 
fall mills up to those of the best, the output of 
the present labour force and machinery might be 
increased by not less than ten, and possibly as much 
as forty, per cent. Mr. Morrison also referred to the 
work of the Industrial Health Research Board on 
lighting and fatigue, and in particular to the value 
of choosing the right colours for machines and 
working equipment in reducing fatigue and increasing 
output. 

The organisation of science is also important, and 
the Lord President, after paying a tribute to the work 
of the Advisory Council on Scientific Policy, referred 
to the programme of the recently established Com- 
mittee on Industrial Productivity and its various 
panels. If science, however, is to be at the heart of 
industrial effort in Britain, it is also necessary for the 
nation to understand, use and continually demand 
the fruits of science. He said that the new develop- 
ments mentioned represent a start towards making 
Britain a truly scientifically minded nation, with all 
the advantages which flow from that. We must in 
future be accustomed to setting aside for science 
larger resources and more man-power if we are to get 
the maximum results. Much of our scientific research 
had been carried on under very bad conditions, and 
the Government is taking steps to improve those 
conditions as fast as possible. Recently, he said, he 
had arranged for the largest of our new scientific 
stations—that for mechanical engineering research— 
to be located in Scotland. It is important that 
scientific research and the inspiration it brings should 
be well distributed over the country, although 
many of our research establishments must of necessity 
be in the London region. 

The Government has decided, Mr. Morrison said, 
that the new town at Stevenage should be given 
preference in considering the sites of new scientific 
establishments in the London region. A number of 
research stations would have to move from their 
present sites, which they have outgrown. He 
was unable to say what actual research will be located 
at Stevenage ; but the town will become one of the 
important scientific centres of the future. Letchworth, 
since its earliest days, has been the home of industries 
characterized by a progressive attitude to research, 
and he hopes that those industries would benefit 
from the new development, and that Letchworth 
would share the Government’s vision of science in 
the service of the people. 
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AMERICAN AWARDS TO BRITISH 
MEN OF SCIENCE 


A=. have recently been made by the Govern- 
ment of the United States to the following 
British scientific workers, for their services during 
the War: 

Medal of Freedom with Silver Palm: Sir Henry 
Dale, president during 1940-45 of the Royal Society 
and a member of many important Government 
scientific committees; Sir Jack Drummond, director 


of research, Boots Pure Drug Co., Ltd., scientific 
adviser to the British Ministry of Food during 
1944-46 ; 


Sir Alfred Egerton, professor of chemical 
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technology, Imperial College of Science and Tech- 
nology, London, for his work as a secretary of the 
Royal Society and member of the Scientific Advisory 
Committee to the War Cabinet; Sir Melvill Jones, 
Francis Mond professor of aeronautical engineering in 
the University of Cambridge, for scientific research 
and development, as an outstanding authority on the 
problems of aerial gunnery ; Dr. Alexander King, of 
the Ministry of Supply from early 1940, and head of 
the British Commonwealth Scientific Office in 
Washington from March 1944 ; Sir Edward Mellanby, 
secretary of the Medical Research Council, a principal 
figure in the organisation and conduct of British 
research in military medicine ; Dr. Hugh M. Sinclair, 
lecturer in biochemistry, University of Oxford, some- 
time honorary nutritional consultant and co-ordinator 
of research in the British Zone, Control Commission 
(British Element) ; Mr. Cyril G. Trotman, for work 
as head of the Planning and Reporting Section 
of the Chemical Defence Experimental Station at 
Porton, and later as British representative on 
the international Project Co-ordination Staff in the 
United States ; Dr. Hector F. Willis, of the Admiralty 
Research Laboratory, Teddington, for scientific 
research and development in theoretical physics and 
particularly the transmission of sound. 

Medal of Freedom with Bronze Palm: Sir Charles 
Darwin, director of the National Physical Laboratory, 
Teddington, and first head of the British Common- 
wealth Scientific Office in Washington, for service to 
scientific research and development; Mr. J. N. D. 
Heenan, for his work in the development of turbo-jet 
and turbine engines for use in U.S. Army Air Force 
aircraft; Sir Ian Heilbron, professor of organic 
chemistry in the Imperial College of Science and Tech- 
nology, London, forscientific research and development 
in connexion with chemical warfare munitions ; Mr. 
Charles Lea, who was in charge of the development of 
incendiaries for the Ministry of Aircraft Production ; 
Mr. Andrew Stratton, of the Royal Aircraft Estab- 
lishment, South Farnborough, for research work in 
connexion with proximity fuses ; Mr. T. W. J. Taylor, 
for work in connexion with scientific research and 
development. 

Medal of Freedom: Dr. James Craigie, of the 
Imperial Cancer Research Fund, associate professor 
of immunology and bacteriology at the University of 
Toronto, and member of the Joint United States— 
Canadian Commission during June 1942—Feb. 1946 ; 
Mr. Amherst F. H. Thomson, representative of the 
Ministry of Supply, and later of the British Admiralty, 
for work in connexion with the development of 
proximity fuses. 
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FORTHCOMING EVENTS 


(Meetings marked with an asterisk * are open to the public) 


Monday, February 9 


Royal Socrety or Arts (at John Adam et, ~ London, 
W.C.2), at 4.30 p.m.—Sir Jack Drummond, F.R.S.: “Fats in the 
Life of the Nation’’ (Cantor Lecture). 


UNIVERSITY OF LONDON (in the Assembly Hall, Institute of Educa- 
tion, Malet Street, London, W.C.1), at 5.30 p.m.—Prof. J. A. Lauwerys : 
“International Co-operation in Education”.* 


INSTITUTION OF THE RUBBER INDUSTRY, MIDLAND SECTION os 

the James Watt Memorial Institute, Great Charles Street, Birmingham) 
m.—Sympos jum on “Colour in the Rubber Industry’ (Miss 

PePhysics and Measurement of Colour’; Mr. J. 
: “Technol logy of Colour”; Mr. T. E. H. Gray: “Use and 
Abuse of se a * 

TEXTILE INSTITUTE, MACCLESFIE! LEEK 7 DIsTRIicT SECTION 
at Nicholson Institute, Leek), at 8 p. he 4 E. B. Higgins : “Plastics, 
abrics a: 
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ROYAL INSTITUTE OF CHEMISTRY, LONDON AND SovuTH-EASTERN 
Covwties Section (joint meeting with the ALEMEIc CLUB, in the 
Physical Chemistry Laboratory, The Univetsity, Oxford), at 8.15 p.m. 

Dr. F. A. Preeth, F.R.S.: “Relationship between Academic and 
Industrial Research”. (To be repeated on Friday, February 20, at 
8.15 p.m., in the University Chemical Laboratory, Pembroke Street, 
Cambridge.) 


Tuesday, February 10 

UNIVERSITY COLLEGE LONDON (in the Anatomy Theatre, Gower 
Street, London, W.C.1), at 1.15 p.m.—Prof. W. H. Pearsall, F.R.S. : 
“Modern Botany”. (Further lecture on February 12.)* 

ZooLoercaL Soctety or Lonpon (at the Zoological Gardens, 
Regent's Park, London, N.W.8), at 5 p.m.—Scientifice Papers. 

INSTITUTION OF ELECTRICAL ENGINEERS, RADIO SECTION (at Savoy 
Place, Victoria Embankment, London, W.C.2), at 5.30 p.m.—Dis- 
cussion on “The Maintenance of Television Receivers in the Home” 
(to be opened by Mr. G. H. Watson). 

Conway Discussion Creacie (at Conway Hall, Red Lion Square, 
London, W.C.1), at 7 p.m.—Miss Barbara Low: “The Influence on 
Mindjof Unconscious Factors’’.* 


Wednesday, February I! 

Puysicat Socrery, Cotovr Grovp (in the Small Physics Lecture 
Theatre, Imperial College of Science, Imperia! Institute Road, London, 
5.W.7), at 3.30 p.m.—Dr. D. R. Duncan: “The Classification of 

Colour-Mixture Phenomena”. 

GEOLOGICAL SocTETY OF LONDON (at Burlington House, Piccadilly, 
London, W.1), at 5 p.m. —Scientific Papers. 

INSTITUTE OF PSBTROLEUM (at Manson House, 
London, W.1), at 5.30 p.m.—Dr. N. J. M. Taverne : 
graphy and Exploration for Oil” 

INSTITUTION OF ELECTRICAL ENGINEERS, TRANSMISSION SECTION 
(at Savoy Place, Victoria Embankment, London, W.C.2), at 5.30 p.m. 

-Mr. VW. Ross and Mr. R A. Smith: “Centralized Ripple 

Control on High-Voltage Networks”. 

Society OF CHEMICAL INDUSTRY, Foop Group (at the Chemical 
Society, Burlington House, Piccadilly, London, W.1), at 6.30 p.m.— 
Dr. A. B. P. Page and Dr. O. F. Lubatti: “Some Effects of Fumigants 
upon Foods”’. 

SOcIETY OF DYERS AND COLOURISTS, NORTHERN IRELAND SECTION 
(at the Queen’s Hotel, Belfast), at 7.30 p.m.—Dr. P. W. Cunliffe : 
“Fastness Standards”. 


Thursday, February 12 

Royal Socrety (at Burlington House, Piccadilly, London, W.1), 
at 4.30 p.m.—Mr. H. J. Axon and Dr. W. Hume-Rothery, F.R.S.: 

“Lattic e Specings of Solid Solutions of Different Elements in Alum- 
inium’ Chalmers, Mr. R. King and Mr. R. Shuttleworth : 

“The The set Etching of Silver’. 

LINNEAN Society OF LONDON (at _Burlington House, Piccadilly, 
London, W.1), at 5 p.m.—Prof. W yneo! “Some Applica- 
tions of Nuclear Physics in Biology and Medicine”’. 

PuysieaL Society, Acoustics Group (in the Lecture Theatre, 
Science Museum, South Kensington, London, 8.W.7), at 5 p.m.— 
Discussion on “The Borderline of Psychology, Physics and Music” 
(to be opened by Dr. R. W. Pickford, Prof. van der Pol and Mr. J. 
Steuart Wilson). 

ROYAL InstrrvTion (at 21 Albemarle Strect, London, W.1), at 
5.15 p.m.—Prof. E. K. Rideal, F.R.S.: “Adsorption and Hetero- 
geneous Catalysis”. (Further Lectures on February 19 and 26.) 

CuemicalL Soctety (joint meeting with the UNIVERSITY CHEMICAL 
Soctgety, in the Chemistry Lecture Theatre. The University, Sheffield). 
at 5.30 p.m.—Prof. M. G. Evans: “The Factors Influencing Radical 
Reactions in Solution” 

INSTITUTION OF ELECTRICAL ENGINEERS, INSTALLATIONS ae 
(at “wi a — ——a 5 London. W.C.2), at 5.30 
—Mr. Cameron Brown and Mr. . Golding : “The App — 
tion of fuiecteteity to Horticulture”’. 

ROYAL ABRONAUTICAL Soctety (at the Institution of ove Eng- 
ineers, Great George Street, London, 8.W.1). at 6 p-m.—Mr. A. R. 
Howell: “The Aerodynamics of the Gas “Turbine”. 

British INSTITUTION OF RADIO ENGINEERS, NORTH-WESTERN 
Section (in the Reynolds Gall, College of Technology, Sackville 
Street, Manchester), at 6.45 p.m.—Mr. J. A. Sargrove: “A New All- 
Stage Valve’. 

ROYAL PHOTOGRAPHIC Socterty, SCIENTIFIO AND TECHNICAL GROUP 
(at 16 Prince's Gate, London, 8.W.7), at 7 p.m.—Mr. R. McV. Weston : 

“The Importance of Illumination in Photomicrography’ 

CHEMICAL SocrgeTy, Society oF CHEMICAL Ipvsrar, and ROYAL 
INSTITUTE OF CHEMISTRY, EDINBURGH AND EAST OF SCOTLAND 
Sections (at the North British Station Hotel, Edinburgh), at 7.30 
p.m.—Dr. James Stewart: “The Chemistry of Rumination”’. 

CyemicaL Socrety (in the Chemical Department, The University, 
Woodland Road, Bristol).—Prof. H. W. Melville, F.R.S.: “The 
Formation of Ethylenic Polymers’. 
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Friday, February 13 

PHYSICAL SocteTy, LOW-TEMPERATURE GRovP (joint aos with 
the INSTITUTION OF CHEMICAL ENGINEERS, at the Institution of Civil 
Engineers, Great George Street, London, 8.W.1), at 10 a.m. - 
ference on “Developments in the Industrial Production and Use of 
Gaseous Oxygen” 

TEXTILE INSTITUTE, ae = % = ” St. Mary’s Parson- 
age, Manchester), at 1 p.m.—Mr. J. E. Fie “Electronics in the 
Textile Industry” 

BIOCHEMICAL Soctety (at Westminster Hospital Medical School, 
17 Horseferry Road, London, 8.W.1), at 2 p.m.—Scientific Papers 
and Demonstrations. 


NATURE 
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ROYAL ASTRONOMICAL Socigty (at Burlington House, Piccs 
London, W.1), at 4.30 p.m.—Anniversary Meeting, followed by 4 a 
General Meeting. 

INSTITUTE OF PHYSICS, MANCHESTER AND DISTRICT BRANCH (e 
the new Physics Theatre, The Bey Manchester), at 7 »p.me 
Mr. R. J. Bracey: “The Design of Optical Instruments’’. 

SHEFFIELD METALLURGICAL ASSOCIATION, METHODS OF es \ LYS 
GRovuP (at 198 West Street, Sheffield), at 7 p.m.—Mr. E. J. Vaughan: 

“The Spekker—Whiat it is and How it Works”, Part 2 

ROYAL INstrrvTion (at 21 Albemarle Street London, W.1), 
om. —Prof. A. O. Rankine, P.R.S.: “Physical Problems in a 

“luction”’. 


February 7, 


Saturday, February |4 


BRITISH PSYCHOLOGICAL Soctety (in the Hastings Hall, Tavistog 
House, Tavistock Square, London, W.C.1), at 2.30 p.m.—Mr. G. © 
} a a : “The Effect of Knowledge of Results on some Very Simpk 
Skills’. 


APPOINTMENTS VACANT 


APPLICATIONS are invited for the following appointments on @ 
before the dates mentioned : 

STATISTICIANS peapemnately 12) i. the Home Civil Service —The 
Secretary, Civil Service Commission, 6 Burlington Gardens, Londons, 
W.1, quoting No. 2105 “(February 12). 

ASSISTANT LECTURER IN CHEMISTRY—The Secretary, West of 
Scotland Agricultural College, 6 Blythswood Square, Glasgow, Cg 
(February 14). 

RESEARCH BIOLOGIST (Scientific Officer Grade), and a RESEARCH 
ASSISTANT (Assistant Experimental Officer Grade) for routine analynig, 
ete., as member of a team studying plankton in solation to 
the ‘fisheries—The Head of the Department of Oceanography, Unip 
ersity College, Hull (February 14). 

LABORATORY STEWARD (Grade II) IN THE DEPARTMENT OF Puysig 
—The Clerk, Birkbeck College, Bream's B London, E.C4 
(February 14). 

CHEMIST to take charge of the Plant Protective Chemistry Section— 
The Secretary, East Malling Research Station, East Malling, Maidstone, 
Kent (February 2 21). 

ER IN THE DEPARTMENT oF : remned tiers Secretary, 
= University, Aberdeen (February 2 
CHEMISTS (men and women) in the Scientific Officer Class a 
Experimenta! Officer Class of the Chemical Inspection 
Ministry of Py a og Ministry of Labour and Nationa Servien 
pw and Scientific t, Room 669, York House, Kingsway, 
W.C.2, quoting F7 my (February 28). 

SUPERINTEN DING ANALYST—The City Analyst, City Laboratories, 
Mount Pleasant, Liverpool 3 (February 28). 

MICROBIOLOGIST and an ORGANIC CHEMIST in the Colonial Micro 
biological Research Institute, Port-of-Spain, yn § 
Secretary of State, Colonial Office (Research De 
Chambers, Bridge Street, London, 8.W.1 (March 1). 

ASSISTANT LECTURER or LECTURER IN ORGANIC CHEMISTRY—The 
R trar, The University, Leeds 2 (March 1). 

ENIOR LECTURER IN MECHANICAL ENGINEERING, SENIOR LECTURER 
IN AERONAUTICAL ENGINEERING, SENIOR RER IN CIVIL Exe 
INEERING, a LECTURER IN ELECTRICAL ENGINEERING, and a LECTURER 
IN MECHANICAL ENGINEERING, at Auckland University Coll 
Auckland, New Zealand—The Secretary Vaiccnnnies Bureau of 
British Empire, 8 Park Street, London, W.1 (Mai 

READERSHIP IN PUBLIC HEALTH at the Lenten "School of H 
and Tropical Medicine—The Academic University of 
London, Senate House, London, W.C.1 (Ma: 

JUNIOR PHYSICIST IN THE RADIOTHERAPEUTIO DEPARTMENT— 
The Clerk to the Governors, St. Bartholomew's Hospital, London, 
E.C.1 (March 6). 

READERSHIP IN Puysics at Birkbeck College—The Academit 
Registrar, University of London, Senate House, London, W.CJ 
(March 9). 

READERSHIP IN ENTOMOLOGY at the London School of Hygient 
and Tropical Medicine—The Academic —, University d 
London, Senate House, London, W.C.1 (May 3 

LABORATORY ASSISTANT—The Secretary, oval (Dick) Veterinary 
College, Summerhall, Edinburgh 9. 

ENTOMOLOGIST for research into problems concerned with insects 
and other animals in the soil in conne with agricultural problems, 
and an ENTOMOLOGIST or ZOOLOGIST (temporary) to study sail insects 
and other animals in relation to —_ ~ of forest —— Secretary 
Rothamsted E —— oe nden, 

LECTURER IN YSICS, N GEOG 
CHEMISTRY and Puysics The sy University y College, tatoestan 

ASSISTANT BIOCHEMIST at the uld Institute—The "Secretary, 
Middlesex Hospital Medical .- London, 

DIRECTOR OF RESEARCH for the Whiting “(Calcium Carbonate) 
Industry—The Secretary, British Whiting Federation, 26 Claremont 
Road, Surbiton, Surrey 

RESEARCH ASSISTANT to investigate insect pests of pea crop—The 
Secretary, School of Agriculture, Cambridge. 

SCIENTIFIC OFFICERS (2) for the Soil Survey of Scotland—The 
Socseseey. Macaulay Institute for Soil Research, Craigiebuckler, 
A 

HISTOLOGICAL LABORATORY TECHNICIAN, and a BACTERIOLOGICAL 
TECHNICIAN—The House Governor, Canadian Red Cross Memorial 
Hospital, Taplow, Maidenhead, Berks. 

RESEARCH ENGINEER for experimental stress analysis of the struct 
ures, wheels, etc., of vehicles both under static and operating conditions, 

a RESEARCH PuysicistT for in —_ of general noise problems 
associated with the operation of IL. nd motor vehicles, at 
INFORMATION OFFICER, a CuEMICAL 
general inorganic chemical analysis, and a METALLURGICAL LABORA- 
TORY ASSISTANT for general metallurgical examination of automobile 
engineering components—The Director, Motor Industry Research 
Association, Great West Road, Brentford, idx. 
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